
BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS I

CONTENTS - DIVISION I - DESIGN

Section 1 - General Provisions
1.1 DESIGN ANALYSIS AND GENERAL STRUCTURAL ..........................................................

INTEGRITY FOR BRIDGES ....................................................... April 2000 ................... 1-1
1.1.1 Design Analysis ....................................................................... April 2000 ................... 1-1
1.1.2 Structural Integrity ................................................................. April 2000 ................... 1-1

1.2 BRIDGE LOCATION ................................................................... April 2000 ................... 1-1

1.3 WATERWAYS .............................................................................. April 2000 ................... 1-1
1.3.1 General ..................................................................................... April 2000 ................... 1-1
1.3.2 Hydraulic Studies .................................................................... April 2000 ................... 1-2
1.3.2.1 Site Data ............................................................................. April 2000 ................... 1-2
1.3.2.2 Hydrologic Analysis ............................................................ April 2000 ................... 1-2
1.3.2.3 Hydraulic Analysis ............................................................. April 2000 ................... 1-2

1.4 CULVERT LOCATION, LENGTH, AND .................................................................................
WATERWAY OPENINGS ........................................................... April 2000 ................... 1-2

1.5 ROADWAY DRAINAGE .............................................................. April 2000 ................... 1-2

1.6 RAILROAD OVERPASSES ......................................................... April 2000 ................... 1-2
1.6.1 Clearances ................................................................................ April 2000 ................... 1-2
1.6.2 Blast Protection ....................................................................... April 2000 ................... 1-3

1.7 SUPERELEVATION .................................................................... April 2000 ................... 1-3

1.8 FLOOR SURFACES ..................................................................... April 2000 ................... 1-3

1.9 UTILITIES .................................................................................... April 2000 ................... 1-3

Section 2 - General Features of Design
2.1 GENERAL ..................................................................................... April 2000 ................... 2-1
2.1.1 Notations .................................................................................. April 2000 ................... 2-1
2.1.2 Width of Roadway and Sidewalk .......................................... April 2000 ................... 2-1

2.2 STANDARD HIGHWAY CLEARANCES - GENERAL .............. April 2000 ................... 2-1
2.2.1 Navigational ............................................................................. April 2000 ................... 2-1
2.2.2 Roadway Width ....................................................................... April 2000 ................... 2-1
2.2.3 Vertical Clearance ................................................................... April 2000 ................... 2-1
2.2.4 Other ........................................................................................ April 2000 ................... 2-1
2.2.5 Curbs and Sidewalks ............................................................... April 2000 ................... 2-2

2.3 HIGHWAY CLEARANCES FOR BRIDGES .............................. April 2000 ................... 2-2
2.3.1 Width ....................................................................................... April 2000 ................... 2-2
2.3.2 Vertical Clearance ................................................................... April 2000 ................... 2-2



II CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

2.4 HIGHWAY CLEARANCES FOR UNDERPASSES .................... April 2000 ................... 2-2
2.4.1 Width ....................................................................................... April 2000 ................... 2-2
2.4.2 Vertical Clearances .................................................................. April 2000 ................... 2-2
2.4.3 Curbs ........................................................................................ April 2000 ................... 2-2

2.5 HIGHWAY CLEARANCES FOR TUNNELS ............................. April 2000 ................... 2-2
2.5.1 Roadway Width ....................................................................... April 2000 ................... 2-2

2.7 RAILINGS..................................................................................... April 2000 ................... 2-2
2.7.1 Vehicular Railing ..................................................................... April 2000 ................... 2-3
2.7.1.1 General ................................................................................ April 2000 ................... 2-3
2.7.1.2 Geometry ............................................................................. April 2000 ................... 2-3
2.7.1.3 Loads ................................................................................... April 2000 ................... 2-3
2.7.2 Bicycle Railing ......................................................................... April 2000 ................... 2-4
2.7.2.1 General ................................................................................ April 2000 ................... 2-4
2.7.2.2 Geometry and Loads .......................................................... April 2000 ................... 2-4
2.7.3 Pedestrian Railing .................................................................. April 2000 ................... 2-6
2.7.3.1 General ................................................................................ April 2000 ................... 2-6
2.7.3.2 Geometry and Loads .......................................................... April 2000 ................... 2-6
2.7.4 Structural Specifications and Guidelines ............................. April 2000 ................... 2-7

Section 3 - Loads
Part A - Types of Loads

3.1 NOTATIONS ................................................................................. February 2004 ............ 3-1

3.2 GENERAL ..................................................................................... February 2004 ............ 3-2

3.3 DEAD LOAD ................................................................................ February 2004 ............ 3-3

3.4 LIVE LOAD .................................................................................. February 2004 ............ 3-3

3.5 OVERLOAD PROVISIONS ......................................................... February 2004 ............ 3-3

3.6 TRAFFIC LANES ......................................................................... February 2004 ............ 3-3

3.7 HIGHWAY LOADS ...................................................................... February 2004 ............ 3-4
3.7.1 Standard Truck and Lane Loads ........................................... February 2004 ............ 3-4
3.7.2 Classes of Loading .................................................................. February 2004 ............ 3-4
3.7.3 Designation of Loadings ......................................................... February 2004 ............ 3-4
3.7.4 Minimum Loading .................................................................. February 2004 ............ 3-4
3.7.5 H Loading ................................................................................ February 2004 ............ 3-4
3.7.6 HS Loading .............................................................................. February 2004 ............ 3-4
3.7.7 P Loading ................................................................................ February 2004 ............ 3-6

3.8 IMPACT ........................................................................................ February 2004 ............ 3-6
3.8.1 Application ............................................................................... February 2004 ............ 3-6
3.8.1.1 Group A-Impact Shall be Included ................................... February 2004 ............ 3-6
3.8.1.2 Group B-Impact Shall Not be Included ............................ February 2004 ............ 3-6
3.8.2 Impact Formula ....................................................................... February 2004 ............ 3-9
3.8.2.3 For Culverts see "Section 6, Culverts" .............................. February 2004 ............ 3-9

3.9 LONGITUDINAL FORCES ......................................................... February 2004 ............ 3-9

3.10 CENTRIFUGAL FORCES ........................................................... February 2004 ............ 3-9



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS III

3.11 APPLICATION OF LIVE LOAD ................................................ February 2004 .......... 3-10
3.11.1 Traffic Lane Units ................................................................... February 2004 .......... 3-10
3.11.2 Number and Position of Traffic Lane Units ......................... February 2004 .......... 3-10
3.11.3 Lane Loads on Continuous Spans ......................................... February 2004 .......... 3-10
3.11.4 Loading for Maximum Stress ................................................ February 2004 .......... 3-10
3.11.4.3 Loading for Load Factor Design ...................................... February 2004 .......... 3-10

3.12 REDUCTION IN LOAD INTENSITY ......................................... February 2004 .......... 3-10

3.13 ELECTRIC RAILWAY LOADS ................................................... February 2004 .......... 3-10

3.14 SIDEWALK, CURB, AND RAILING LOADING ...................... February 2004 .......... 3-10
3.14.1 Sidewalk Loading .................................................................... February 2004 .......... 3-10
3.14.2 Curb Loading ........................................................................... February 2004 .......... 3-11
3.14.3 Railing Loading ....................................................................... February 2004 .......... 3-11

3.15 WIND LOADS .............................................................................. February 2004 .......... 3-11
3.15.1 Superstructure Design ............................................................ February 2004 .......... 3-11
3.15.1.1 Group II and Group V Loadings ...................................... February 2004 .......... 3-11
3.15.1.2 Group III and Group VI Loadings ................................... February 2004 .......... 3-12
3.15.2 Substructure Design ................................................................ February 2004 .......... 3-12
3.15.2.1 Forces from Superstructure .............................................. February 2004 .......... 3-12
3.15.2.2 Forces Applied Directly to the Substructure ................... February 2004 .......... 3-12
3.15.3 Overturing Forces ................................................................... February 2004 .......... 3-13

3.16 THERMAL FORCES .................................................................... February 2004 .......... 3-13

3.17 UPLIFT ......................................................................................... February 2004 .......... 3-13

3.18 FORCE FROM STREAM CURRENT, .....................................................................................
FLOATING ICE AND DRIFT ..................................................... February 2004 .......... 3-13

3.18.1 Force of Stream Current on Piers ......................................... February 2004 .......... 3-13
3.18.1.1 Steam Pressure .................................................................. February 2004 .......... 3-13
3.18.1.2 Pressure Components ........................................................ February 2004 .......... 3-14
3.18.1.3 Drift Lodged Against Pier ................................................ February 2004 .......... 3-14
3.18.2 Force of Ice on Piers .............................................................. February 2004 .......... 3-14

3.19 BUOYANCY .................................................................................. February 2004 .......... 3-14

3.20 EARTH PRESSURE ..................................................................... February 2004 .......... 3-14

3.21 EARTHQUAKES ........................................................................... February 2004 .......... 3-15

Part B - Combinations of Loads

3.22 COMBINATIONS OF LOADS .................................................... February 2004 .......... 3-15

Part C - Distribution of Loads

3.23 DISTRIBUTION OF LOADS TO STRINGERS, ......................................................................
LONGITUDINAL BEAMS, AND FLOOR BEAMS ................... February 2004 .......... 3-18

3.23.1 Position of Loads for Shear ................................................... February 2004 .......... 3-18
3.23.2 Bending Moments in Stringers and Longitudinal Beams ... February 2004 .......... 3-18
3.23.2.1 General ................................................................................ February 2004 .......... 3-18
3.23.2.2 Interior Stringers and Beams ........................................... February 2004 .......... 3-18



IV CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

3.23.2.3 Outside Roadway Stringers and Beams ........................... February 2004 ..........3-19
3.23.3 Bending Moments in Floor Beams (Transverse) .................. February 2004 ..........3-19
3.23.4 Precast Concrete Beams Used in Multi-Beam Decks ........... February 2004 ..........3-20

3.24 DISTRIBUTION OF LOADS AND DESIGN OF ...................................................................
CONCRETE SLABS ..................................................................... February 2004 ..........3-22

3.24.1 Span Lengths ........................................................................... February 2004 ..........3-22
3.24.2 Edge Distance of Wheel Loads .............................................. February 2004 ..........3-22
3.24.3 Bending Moment ..................................................................... February 2004 ..........3-22
3.24.3.1 Case A-Main Reinforcement Perpendicular to Traffic .................................................

(Spans 2 to 24 Feet Inclusive) ......................................... February 2004 ..........3-23
3.24.3.2 Case B-Main Reinforcement Parallel to Traffic ............... February 2004 ..........3-23
3.24.4 Shear ........................................................................................ February 2004 ..........3-23
3.24.5 Cantilever Slabs ....................................................................... February 2004 ..........3-23
3.24.5.1 Truck Loads ........................................................................ February 2004 ..........3-23
3.24.5.2 Railing Loads ...................................................................... February 2004 ..........3-23
3.24.6 Slabs Supported on Four Sides ............................................. February 2004 ..........3-23
3.24.7 Median Slabs ........................................................................... February 2004 ..........3-24
3.24.8 Longitudinal Edge Beams ...................................................... February 2004 ..........3-24
3.24.9 Unsupported Transverse Edges ............................................. February 2004 ..........3-24
3.24.10 Distribution Reinforcement ................................................... February 2004 ..........3-24

3.25 DISTRIBUTION OF WHEEL LOADS ON .............................................................................
TIMBER FLOORING .................................................................. February 2004 ..........3-24

3.25.1 Transverse Flooring ................................................................ February 2004 ..........3-25
3.25.2 Plank and Nail Laminated Longitudinal Flooring ............... February 2004 ..........3-26
3.25.3 Longitudinal Glued Laminate Timber Deck ......................... February 2004 ..........3-27
3.25.3.1 Bending Moment ................................................................ February 2004 ..........3-27
3.25.3.2 Shear ................................................................................... February 2004 ..........3-27
3.25.3.3 Deflections .......................................................................... February 2004 ..........3-27
3.25.3.4 Stiffener Arrangement ....................................................... February 2004 ..........3-27
3.25.4 Continuous Flooring ............................................................... February 2004 ..........3-27

3.26 DISTRIBUTION OF WHEEL LOADS AND DESIGN OF ....................................................
COMPOSITE WOOD-CONCRETE MEMBERS ......................... February 2004 ..........3-27

3.26.1 Distribution of Concentrated Loads for .............................................................................
Bending Moment and Shear .................................................. February 2004 ..........3-27

3.26.2 Distribution of Bending Moments in Continuous Spans .... February 2004 ..........3-28
3.26.3 Design ...................................................................................... February 2004 ..........3-28

3.27 DISTRIBUTION OF WHEEL LOADS ON .............................................................................
STEEL GRID FLOORS ............................................................... February 2004 ..........3-28

3.27.1 General ..................................................................................... February 2004 ..........3-28
3.27.2 Floors Filled with Concrete ................................................... February 2004 ..........3-28
3.27.3 Open Floors ............................................................................. February 2004 ..........3-28

3.28 DISTRIBUTION OF LOADS FOR BENDING MOMENT ....................................................
IN SPREAD BOX GIRDERS ....................................................... February 2004 ..........3-29

3.28.1 Interior Beams ........................................................................ February 2004 ..........3-29
3.28.2 Exterior Beams ........................................................................ February 2004 ..........3-29

3.29 MOMENTS, SHEARS, AND REACTIONS ................................. February 2004 ..........3-29

3.30 TIRE CONTACT AREA ................................................................ February 2004 ..........3-29



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS V

Section 3 Commentary - Loads

3.10.4 Centrifugal Forces ................................................................... February 2004 .......... 3-30

Section 4 - Foundations
Part A - General Requirements and Materials

4.1 GENERAL ..................................................................................... November 2003 ........... 4-1

4.2 FOUNDATION TYPE AND CAPACITY .................................... November 2003 ........... 4-1
4.2.1 Selection of Foundation Type ................................................ November 2003 ........... 4-1
4.2.2 Foundation Capacity ............................................................... November 2003 ........... 4-1
4.2.2.1 Bearing Capacity ................................................................ November 2003 ........... 4-1
4.2.2.2 Settlement ........................................................................... November 2003 ........... 4-1
4.2.2.3 Overall Stability .................................................................. November 2003 ........... 4-1
4.2.3 Soil, Rock, and Other Problem Conditions ........................... November 2003 ........... 4-1

4.3 SUBSURFACE EXPLORATION AND.....................................................................................
TESTING PROGRAMS ................................................................ November 2003 ........... 4-1

4.3.1 General Requirements ............................................................ November 2003 ........... 4-2
4.3.2 Minimum Depth ...................................................................... November 2003 ........... 4-3
4.3.3 Minimum Coverage ................................................................. November 2003 ........... 4-3
4.3.4 Laboratory Testing .................................................................. November 2003 ........... 4-3
4.3.5 Scour ......................................................................................... November 2003 ........... 4-3

Part B - Service Load Design Method Allowable Stress Design

4.4 SPREAD FOOTING ..................................................................... November 2003 ........... 4-4
4.4.1 General ..................................................................................... November 2003 ........... 4-4
4.4.1.1 Applicability ........................................................................ November 2003 ........... 4-4
4.4.1.2 Footings Supporting Non-Rectangular Columns ..........................................................

or Piers ................................................................................ November 2003 ........... 4-4
4.4.1.3 Footings in Fill ................................................................... November 2003 ........... 4-4
4.4.1.4 Footings in Sloped Portions of Embankments ................ November 2003 ........... 4-4
4.4.1.5 Distribution of Bearing Pressure ..................................... November 2003 ........... 4-4
4.4.2 Notations .................................................................................. November 2003 ........... 4-4
4.4.3 Design Terminology ................................................................ November 2003 ........... 4-6
4.4.4 Soil and Rock Property Selection .......................................... November 2003 ........... 4-6
4.4.5 Depth ........................................................................................ November 2003 ........... 4-7
4.4.5.1 Minimum Embedment and Bench Width ........................ November 2003 ........... 4-7
4.4.5.2 Scour Protection ................................................................. November 2003 ........... 4-7
4.4.5.3 Footing Excavations ........................................................... November 2003 ........... 4-8
4.4.5.4 Piping .................................................................................. November 2003 ........... 4-8
4.4.6 Anchorage ................................................................................ November 2003 ........... 4-8
4.4.7 Geotechnical Design on Soil .................................................. November 2003 ........... 4-8
4.4.7.1 Bearing Capacity ................................................................ November 2003 ........... 4-8
4.4.7.2 Settlement ........................................................................... November 2003 ......... 4-17
4.4.7.3 Deleted ................................................................................. November 2003 ......... 4-21
4.4.8 Geotechnical Design on Rock ................................................. November 2003 ......... 4-21
4.4.8.1 Bearing Capacity ................................................................ November 2003 ......... 4-22



VI CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

4.4.8.2 Settlement ........................................................................... November 2003 .........4-23
4.4.9 Overall Stability ....................................................................... November 2003 .........4-26
4.4.10 Deleted ...................................................................................... November 2003 .........4-27
4.4.11 Structural Design .................................................................... November 2003 .........4-27
4.4.11.1 Loads and Reactions .......................................................... November 2003 .........4-27
4.4.11.2 Moments .............................................................................. November 2003 .........4-27
4.4.11.3 Shear ................................................................................... November 2003 .........4-27
4.4.11.4 Development of Reinforcement......................................... November 2003 .........4-28
4.4.11.5 Transfer of Force at Base of Column ............................... November 2003 .........4-28
4.4.11.6 Unreinforced Concrete Footings ....................................... November 2003 .........4-29

4.5 DRIVEN PILES............................................................................ November 2003 .........4-29
4.5.1 General ..................................................................................... November 2003 .........4-29
4.5.1.1 Application .......................................................................... November 2003 .........4-29
4.5.1.2 Materials ............................................................................. November 2003 .........4-29
4.5.1.3 Deleted ................................................................................. November 2003 .........4-29
4.5.1.4 Lateral Tip Restraint ......................................................... November 2003 .........4-29
4.5.1.5 Estimated Lengths ............................................................. November 2003 .........4-29
4.5.1.6 Estimated and Minimum Tip Elevation .......................... November 2003 .........4-29
4.5.1.7 Deleted ................................................................................. November 2003 .........4-29
4.5.1.8 Test Piles ............................................................................ November 2003 .........4-29
4.5.2 Pile Types ................................................................................ November 2003 .........4-29
4.5.2.1 Friction Piles ...................................................................... November 2003 .........4-30
4.5.2.2 End Bearing Piles .............................................................. November 2003 .........4-30
4.5.2.3 Combination Friction and End Bearing Piles ................. November 2003 .........4-30
4.5.2.4 Batter Piles ......................................................................... November 2003 .........4-30
4.5.3 Notations .................................................................................. November 2003 .........4-30
4.5.4 Design Terminology ................................................................ November 2003 .........4-30
4.5.5 Selection of Soil and Rock Properties ................................... November 2003 .........4-30
4.5.6 Selection of Design Pile Capacity .......................................... November 2003 .........4-30
4.5.6.1 Ultimate Geotechnical Capacity ........................................ November 2003 .........4-30
4.5.6.2 Factor of Safety Selection .................................................. November 2003 .........4-32
4.5.6.3 Deleted ................................................................................. November 2003 .........4-32
4.5.6.4 Group Pile Loading ........................................................... November 2003 .........4-32
4.5.6.5 Lateral Loads on Piles ....................................................... November 2003 .........4-32
4.5.6.6 Uplift Loads on Pile ........................................................... November 2003 .........4-33
4.5.6.7 Vertical Ground Movement ............................................... November 2003 .........4-33
4.5.6.8 Deleted ................................................................................. November 2003 .........4-33
4.5.7 Structural Capacity of Pile Section ........................................ November 2003 .........4-34
4.5.7.1 Load Capacity Requirements ............................................ November 2003 .........4-33
4.5.7.2 Piles Extending Above Ground Surface ........................... November 2003 .........4-34
4.5.7.3 Allowable Stresses in Piles ................................................ November 2003 .........4-34
4.5.7.4 Deleted ................................................................................. November 2003 .........4-35
4.5.7.5 Scour .................................................................................... November 2003 .........4-35
4.5.8 Protection Against Corrosion and Abrasion ......................... November 2003 .........4-35
4.5.9 Wave Equation Analysis ......................................................... November 2003 .........4-35
4.5.10 Dynamic Monitoring ............................................................... November 2003 .........4-35
4.5.11 Maximum Allowable Driving Stresses ................................... November 2003 .........4-35
4.5.12 Tolerable Movement ................................................................ November 2003 .........4-35
4.5.13 Buoyancy .................................................................................. November 2003 .........4-35
4.5.14 Protection Against Deterioration ........................................... November 2003 .........4-35



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS VII

4.5.14.1 Steel Piles ........................................................................... November 2003 ......... 4-35
4.5.14.2 Concrete Piles ..................................................................... November 2003 ......... 4-36
4.5.14.3 Timber Piles ....................................................................... November 2003 ......... 4-36
4.5.15 Spacing, Clearances, and Embedment ................................... November 2003 ......... 4-36
4.5.15.1 Pile Footings ...................................................................... November 2003 ......... 4-36
4.5.15.2 Bent Caps ........................................................................... November 2003 ......... 4-36
4.5.16 Precast Concrete Piles ............................................................ November 2003 ......... 4-36
4.5.16.1 Size and Shape ................................................................... November 2003 ......... 4-36
4.5.16.2 Minimum Area ................................................................... November 2003 ......... 4-36
4.5.16.3 Minimum Diameter of Tapered Piles .............................. November 2003 ......... 4-36
4.5.16.4 Driving Points .................................................................... November 2003 ......... 4-36
4.5.16.5 Vertical Reinforcement ...................................................... November 2003 ......... 4-36
4.5.16.6 Spiral Reinforcement ......................................................... November 2003 ......... 4-37
4.5.16.7 Reinforcement Cover ......................................................... November 2003 ......... 4-37
4.5.16.8 Splices ................................................................................. November 2003 ......... 4-37
4.5.16.9 Handling Stresses ............................................................... November 2003 ......... 4-37
4.5.17 Cast-In-Place Concrete Piles .................................................. November 2003 ......... 4-37
4.5.17.1 Materials ............................................................................. November 2003 ......... 4-37
4.5.17.2 Shape................................................................................... November 2003 ......... 4-37
4.5.17.3 Minimum Area ................................................................... November 2003 ......... 4-37
4.5.17.4 General Reinforcement Requirements ............................. November 2003 ......... 4-37
4.5.17.5 Reinforcement into Superstructure .................................. November 2003 ......... 4-37
4.5.17.6 Shell Requirements ............................................................ November 2003 ......... 4-37
4.5.17.7 Splices ................................................................................. November 2003 ......... 4-37
4.5.17.8 Reinforcement Cover ......................................................... November 2003 ......... 4-38
4.5.17.9 Spacing Limitations ........................................................... November 2003 ......... 4-38
4.5.18 Steel H-Piles ............................................................................ November 2003 ......... 4-38
4.5.18.1 Metal Thickness .................................................................. November 2003 ......... 4-38
4.5.18.2 Splices ................................................................................. November 2003 ......... 4-38
4.5.18.3 Caps ..................................................................................... November 2003 ......... 4-38
4.5.18.4 Lugs, Scabs, and Core-Stoppers ........................................ November 2003 ......... 4-38
4.5.18.5 Point Attachments .............................................................. November 2003 ......... 4-38
4.5.19 Unfilled Tubular Steel Piles ................................................... November 2003 ......... 4-38
4.5.19.1 Metal Thickness .................................................................. November 2003 ......... 4-38
4.5.19.2 Splices ................................................................................. November 2003 ......... 4-38
4.5.19.3 Driving ................................................................................ November 2003 ......... 4-38
4.5.19.4 Column Action .................................................................... November 2003 ......... 4-38
4.5.20 Prestressed Concrete Piles ..................................................... November 2003 ......... 4-38
4.5.20.1 Size and Shape ................................................................... November 2003 ......... 4-38
4.5.20.2 Main Reinforcement .......................................................... November 2003 ......... 4-39
4.5.20.3 Vertical Reinforcement ...................................................... November 2003 ......... 4-39
4.5.20.4 Hollow Cylinder Piles ........................................................ November 2003 ......... 4-39
4.5.20.5 Splices ................................................................................. November 2003 ......... 4-39
4.5.21 Timber Piles ............................................................................ November 2003 ......... 4-39
4.5.21.1 Materials ............................................................................. November 2003 ......... 4-39
4.5.21.2 Limitations on Untreated Timber Pile Use ..................... November 2003 ......... 4-39
4.5.21.3 Limitations on Treated Timber Pile Use ......................... November 2003 ......... 4-39

4.6 DRILLED SHAFTS ...................................................................... November 2003 ......... 4-39
4.6.1 General ..................................................................................... November 2003 ......... 4-39
4.6.1.1 Application .......................................................................... November 2003 ......... 4-39



VIII CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

4.6.1.2 Materials ............................................................................. November 2003 .........4-40
4.6.1.3 Construction ....................................................................... November 2003 .........4-40
4.6.1.4 Embedment ......................................................................... November 2003 .........4-40
4.6.1.5 Shaft Diameter ................................................................... November 2003 .........4-40
4.6.1.6 Batter Shafts ....................................................................... November 2003 .........4-40
4.6.1.7 Shafts Through Embankment Fill ..................................... November 2003 .........4-40
4.6.2 Notations .................................................................................. November 2003 .........4-40
4.6.3 Design Terminology ................................................................ November 2003 .........4-41
4.6.4 Seletion of Soil and Rock Properties ..................................... November 2003 .........4-41
4.6.4.1 Presumptive Values ........................................................... November 2003 .........4-41
4.6.4.2 Measured Values ................................................................ November 2003 .........4-42
4.6.5 Geotechnical Design ................................................................ November 2003 .........4-42
4.6.5.1 Axial Capacity in Soil ........................................................ November 2003 .........4-42
4.6.5.2 Factors Affecting Axial Capacity in Soil .......................... November 2003 .........4-45
4.6.5.3 Axial Capacity in Rock ....................................................... November 2003 .........4-47
4.6.5.4 Factors of Safety ................................................................. November 2003 .........4-48
4.6.5.5 Deformation of Axially Loaded Shafts ............................. November 2003 .........4-48
4.6.5.6 Lateral Loading .................................................................. November 2003 .........4-50
4.6.5.7 Deleted ................................................................................. November 2003 .........4-52
4.6.6 Structural Design and General Shaft Dimensions ............... November 2003 .........4-52
4.6.6.1 General ................................................................................ November 2003 .........4-52
4.6.6.2 Reinforcement .................................................................... November 2003 .........4-52
4.6.6.3 Enlarged Bases ................................................................... November 2003 .........4-53
4.6.6.4 Center-to-Center Shaft Spacing......................................... November 2003 .........4-53
4.6.7 Load Testing ............................................................................ November 2003 .........4-53
4.6.7.1 General ................................................................................ November 2003 .........4-53
4.6.7.2 Load Testing Procedures ................................................... November 2003 .........4-53
4.6.7.3 Load Test Method Selection.............................................. November 2003 .........4-54

Part C - Strength Design Method Load Factor Design

4.8 SCOPE........................................................................................... November 2003 .........4-54

4.9 DEFINITIONS ............................................................................. November 2003 .........4-54

4.10 LIMIT STATES, LOAD FACTORS, AND ................................................................................
RESISTANCE FACTORS ............................................................. November 2003 .........4-55

4.10.1 General ..................................................................................... November 2003 .........4-55
4.10.2 Serviceability Limit States ..................................................... November 2003 .........4-55
4.10.3 Strength Limit States ............................................................. November 2003 .........4-55
4.10.4 Strength Requirement............................................................. November 2003 .........4-55
4.10.5 Load Combinations and Load Factors .................................. November 2003 .........4-55
4.10.6 Performance Factors ............................................................... November 2003 .........4-56

4.11 SPREAD FOOTINGS ................................................................... November 2003 .........4-56
4.11.1 General Considerations .......................................................... November 2003 .........4-56
4.11.1.1 General ................................................................................ November 2003 .........4-56
4.11.1.2 Depth ................................................................................... November 2003 .........4-56
4.11.1.3 Scour Protection ................................................................. November 2003 .........4-56
4.11.1.4 Frost Action ........................................................................ November 2003 .........4-56
4.11.1.5 Anchorage ........................................................................... November 2003 .........4-56
4.11.1.6 Groundwater....................................................................... November 2003 .........4-56



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS IX

4.11.1.7 Uplift ................................................................................... November 2003 ......... 4-57
4.11.1.8 Deterioration ...................................................................... November 2003 ......... 4-57
4.11.1.9 Nearby Structures .............................................................. November 2003 ......... 4-57
4.11.2 Notations .................................................................................. November 2003 ......... 4-57
4.11.3 Movement Under Serviceability Limit States ...................... November 2003 ......... 4-57
4.11.3.1 General ................................................................................ November 2003 ......... 4-57
4.11.3.2 Loads ................................................................................... November 2003 ......... 4-57
4.11.3.3 Movement Criteria ............................................................. November 2003 ......... 4-58
4.11.3.4 Settlement Analyses ........................................................... November 2003 ......... 4-58
4.11.4 Safety Against Soil Failure .................................................... November 2003 ......... 4-58
4.11.4.1 Bearing Capacity of Foundation Soils .............................. November 2003 ......... 4-58
4.11.4.2 Bearing Capacity of Foundations on Rock....................... November 2003 ......... 4-59
4.11.4.3 Failure by Sliding .............................................................. November 2003 ......... 4-61
4.11.4.4 Loss of Overall Stability .................................................... November 2003 ......... 4-61
4.11.5 Structural Capacity ................................................................. November 2003 ......... 4-61
4.11.6 Construction Considerations for Shallow Foundations ....... November 2003 ......... 4-61
4.11.6.1 General ................................................................................ November 2003 ......... 4-61
4.11.6.2 Excavation Monitoring ....................................................... November 2003 ......... 4-61
4.11.6.3 Compaction Monitoring ..................................................... November 2003 ......... 4-61

4.12 DRIVEN PILES ........................................................................... November 2003 ......... 4-61
4.12.1 General ..................................................................................... November 2003 ......... 4-61
4.12.2 Notations .................................................................................. November 2003 ......... 4-61
4.12.3 Selection of Design Pile Capacity .......................................... November 2003 ......... 4-63
4.12.3.1 Factors Affecting Axial Capacity ....................................... November 2003 ......... 4-63
4.12.3.2 Movement Under Serviceability Limit State ................... November 2003 ......... 4-64
4.12.3.3 Resistance at Strength Limit States ................................. November 2003 ......... 4-64
4.12.4 Structural Design .................................................................... November 2003 ......... 4-67
4.12.4.1 Buckling of Piles ................................................................. November 2003 ......... 4-67
4.12.5 Deleted ...................................................................................... November 2003 ......... 4-67

4.13 DRILLED SHAFTS ...................................................................... November 2003 ......... 4-67
4.13.1 General ..................................................................................... November 2003 ......... 4-67
4.13.2 Notations .................................................................................. November 2003 ......... 4-67
4.13.3 Geotechnical Design ................................................................ November 2003 ......... 4-68
4.13.3.1 Factors Affecting Axial Capacity ....................................... November 2003 ......... 4-68
4.13.3.2 Movement Under Serviceability Limit State ................... November 2003 ......... 4-69
4.13.3.3 Resistance at Strength Limit States ................................. November 2003 ......... 4-69
4.13.4 Structural Design .................................................................... November 2003 ......... 4-70
4.13.4.1 Buckling of Drilled Shafts ................................................. November 2003 ......... 4-70

Section 5 - Retaining Walls
Part A - General Requirements and Materials

5.1 GENERAL ..................................................................................... August 2003 ................ 5-1

5.2 WALL TYPES .............................................................................. August 2003 ................ 5-1
5.2.1 Selection of Wall Type ............................................................ August 2003 ................ 5-1
5.2.1.1 Rigid Gravity and Semi-Gravity Walls ............................. August 2003 ................ 5-1
5.2.1.2 Non-Gravity Cantilevered Walls ....................................... August 2003 ................ 5-2
5.2.1.3 Anchored Walls .................................................................. August 2003 ................ 5-3



X CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

5.2.1.4 Mechanically Stabilized Earth Walls ................................ August 2003 ................ 5-4
5.2.1.5 Prefabricated Modular Walls ............................................ August 2003 ................ 5-5
5.2.2 Wall Capacity ........................................................................... August 2003 ................ 5-6
5.2.2.1 Bearing Capacity ................................................................ August 2003 ................ 5-6
5.2.2.2 Settlement ........................................................................... August 2003 ................ 5-6
5.2.2.3 Overall Stability .................................................................. August 2003 ................ 5-6
5.2.2.4 Tolerable Deformations ...................................................... August 2003 ................ 5-6
5.2.3 Soil, Rock, and Other Problem Conditions ........................... August 2003 ................ 5-7

5.3 SUBSURFACE EXPLORATION AND TESTING
PROGRAMS .................................................................................. August 2003 ................ 5-7

5.3.1 General Requirements ............................................................ August 2003 ................ 5-7
5.3.2 Minimum Depth ...................................................................... August 2003 ................ 5-8
5.3.3 Minimum Coverage ................................................................. August 2003 ................ 5-8
5.3.4 Laboratory Testing .................................................................. August 2003 ................ 5-8
5.3.5 Scour ......................................................................................... August 2003 ................ 5-8

5.4 NOTATIONS ................................................................................. August 2003 ................ 5-8

Part B - Service Load Design Method Allowable Stress Design

5.5 EARTH PRESSURE ..................................................................... August 2003 ..............5-15
5.5.1 General ..................................................................................... August 2003 ..............5-15
5.5.2 Compaction .............................................................................. August 2003 ..............5-16
5.5.3 Presence of Water ................................................................... August 2003 ..............5-16
5.5.4 Effect of Earthquake ............................................................... August 2003 ..............5-17
5.5.5 Earth Pressure ........................................................................ August 2003 ..............5-17
5.5.5.1 Basic Lateral Earth Pressure ............................................ August 2003 ..............5-17
5.5.5.2 At-Rest Lateral Earth Pressure Coefficient, ko .....................August 2003 ..............5-18
5.5.5.3 Active Lateral Earth Pressure Coefficient, ka .......................August 2003 ..............5-18
5.5.5.4 Passive Lateral Earth Pressure Coefficient, kp ....................August 2003 ..............5-23
5.5.5.5 Trial Wedge Method of Analysis for the Determination

of the Resultant Lateral Earth Pressure .......................... August 2003 ..............5-25
5.5.5.6 Lateral Earth Pressures for Non-Gravity

Cantilevered Walls ............................................................. August 2003 ..............5-28
5.5.5.7 Lateral Earth Pressures for Anchored Walls ................... August 2003 ..............5-33
5.5.5.8 Lateral Earth Pressures for Mechanically Stabilized

Earth Walls ......................................................................... August 2003 ..............5-36
5.5.5.9 Lateral Earth Pressures for Prefabricated Modular W alls.August 2003..............5-39
5.5.5.10 Surcharge Loads.................................................................August 2003..............5-39
5.5.5.11 Lateral Earth Pressures for Restrained Abutments........August 2003..............5-44
5.5.5.12 Reduction Due to Earth Pressure....................................August 2003..............5-45
5.6 RIGID GRAVITY AND SEMI-GRAVITY W ALL

DESIGN ........................................................................................August 2003..............5-46
5.6.1 Design Terminology................................................................August 2003..............5-46
5.6.2 Footing Embedment................................................................August 2003..............5-46
5.6.3 Earth Pressure, W ater Pressure and Surcharge Loadings.August 2003..............5-47
5.6.4 Structure Dimensions and External Stability.......................August 2003..............5-47
5.6.4.1 Sliding Stability..................................................................August 2003..............5-47
5.6.4.2 Overturning........................................................................August 2003..............5-49
5.6.4.3 W all Foundations...............................................................August 2003..............5-51



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XI

5.6.5 Structure Design ..................................................................... August 2003 .............. 5-51
5.6.5.1 Wall Footings ...................................................................... August 2003 .............. 5-51
5.6.5.2 Rooting Keys ...................................................................... August 2003 .............. 5-52
5.6.5.3 Wall Stems .......................................................................... August 2003 .............. 5-52
5.6.5.4 Counterforts and Buttresses ............................................. August 2003 .............. 5-52
5.6.5.5 Reinforcement .................................................................... August 2003 .............. 5-52
5.6.5.6 Expansion and Contraction Joints ................................... August 2003 .............. 5-52
5.6.5.7 Backfill ................................................................................. August 2003 .............. 5-52
5.6.5.8 Overall Stability .................................................................. August 2003 .............. 5-52

5.7 NONGRAVITY CANTILEVERED WALL DESIGN .................. August 2003 .............. 5-52
5.7.1 Design Terminology ................................................................ August 2003 .............. 5-52
5.7.2 Loading .................................................................................... August 2003 .............. 5-54
5.7.3 Wall Movement ....................................................................... August 2003 .............. 5-54
5.7.4 Water Pressure and Drainage ............................................... August 2003 .............. 5-54
5.7.5 Passive Resistance .................................................................. August 2003 .............. 5-54
5.7.6 Structure Dimensions and External Stability ....................... August 2003 .............. 5-54
5.7.7 Structure Design ..................................................................... August 2003 .............. 5-55
5.7.8 Traffic Barrier ......................................................................... August 2003 .............. 5-55
5.7.9 Overall Stability ....................................................................... August 2003 .............. 5-55
5.7.10 Corrosion Protection ............................................................... August 2003 .............. 5-56

5.8 ANCHORED WALL DESIGN ..................................................... August 2003 .............. 5-56
5.8.1 Design Terminology ................................................................ August 2003 .............. 5-56
5.8.2 Loading .................................................................................... August 2003 .............. 5-60
5.8.2.1 Walls with Structural Anchors .......................................... August 2003 .............. 5-60
5.8.2.2 Walls with Ground Anchors .............................................. August 2003 .............. 5-60
5.8.3 Wall Movement ....................................................................... August 2003 .............. 5-60
5.8.4 Water Pressure and Drainage ............................................... August 2003 .............. 5-60
5.8.5 Passive Resistance .................................................................. August 2003 .............. 5-60
5.8.6.1 General ................................................................................ August 2003 .............. 5-60
5.8.6.2 Walls with Structural Anchors .......................................... August 2003 .............. 5-61
5.8.6.3 Wall with Ground Anchors ................................................ August 2003 .............. 5-69
5.8.7 Structure Design ..................................................................... August 2003 .............. 5-76
5.8.8 Traffic Barrier ......................................................................... August 2003 .............. 5-76
5.8.9 Overall Stability ....................................................................... August 2003 .............. 5-76
5.8.10 Corrosion Protection ............................................................... August 2003 .............. 5-76
5.8.10.1 Tie Rods .............................................................................. August 2003 .............. 5-76
5.8.10.2 Ground Anchors ................................................................. August 2003 .............. 5-76
5.8.10.3 Wall Members ..................................................................... August 2003 .............. 5-76
5.8.11 Load Testing and Lock Off .................................................... August 2003 .............. 5-76
5.8.11.1 Structural Anchors ............................................................. August 2003 .............. 5-76
5.8.11.2 Ground Anchors ................................................................. August 2003 .............. 5-76

5.9 MECHANICALLY STABILIZED EARTH WALL ...................... August 2003 .............. 5-77
5.9.1 Structure Dimensions ............................................................. August 2003 .............. 5-78
5.9.2 External Stability ..................................................................... August 2003 .............. 5-78
5.9.2.1 Sliding Stability .................................................................. August 2003 .............. 5-79
5.9.2.2 Overturning Stability ......................................................... August 2003 .............. 5-79
5.9.2.3 Bearing Capacity ................................................................ August 2003 .............. 5-79
5.9.2.4 Overall Stability .................................................................. August 2003 .............. 5-79
5.9.3 Internal Stability ..................................................................... August 2003 .............. 5-80



XII CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

5.9.3.1 Determination of Maximum Soil Reinforcement Loads . August 2003 ..............5-81
5.9.3.2 Determination of Maximum Soil Reinforcement Load

at the Wall Face ................................................................. August 2003 ..............5-82
5.9.3.3 Determination of Soil Reinforcement Length for

Internal Stability ................................................................ August 2003 ..............5-82
5.9.3.4 Reinforcement Strength Design ........................................ August 2003 ..............5-86
5.9.3.5 Soil Reinforcement/Facing Connection Strength

Design ................................................................................. August 2003 ..............5-91
5.9.3.6 Design of Facing Elements ............................................... August 2003 ..............5-92
5.9.3.7 Drainage .............................................................................. August 2003 ..............5-94
5.9.3.8 Special Loading Conditions .............................................. August 2003 ..............5-94
5.9.3.9 Placement of Soil Reinforcement ...................................... August 2003 ..............5-95

5.10 PREFABRICATED MODULAR WALL DESIGN ...................... August 2003 ..............5-95
5.10.1 Structure Dimensions ............................................................. August 2003 ..............5-95
5.10.2 External Stability ..................................................................... August 2003 ..............5-95
5.10.2.1 Sliding Stability .................................................................. August 2003 ..............5-97
5.10.2.2 Overturning Stability ......................................................... August 2003 ..............5-97
5.10.2.3 Tiered Walls ....................................................................... August 2003 ..............5-98
5.10.2.4 Bearing Capacity ................................................................ August 2003 ..............5-98
5.10.2.5 Overall Stability .................................................................. August 2003 ..............5-98
5.10.2.6 Prefabricated Modular Walls with "T" Shaped Modules August 2003 ..............5-98
5.10.3 Internal Security ..................................................................... August 2003 ..............5-98
5.10.4 Module Design ........................................................................ August 2003 ..............5-99
5.10.4.1 Crib Member Design .......................................................... August 2003 ..............5-99

Section 6 - Culverts
6.1 CULVERT LOCATION, LENGTH, ..........................................................................................

AND WATERWAY OPENINGS .................................................. April 2000 ................... 6-1

6.2 DEAD LOADS .............................................................................. April 2000 ................... 6-1
6.2.1 Culvert in Trench, or Culvert Untrenched on ...................................................................

Yielding Foundation ............................................................... April 2000 ................... 6-1
6.2.2 Culvert Untrenched on Unyielding Foundation .................. April 2000 ................... 6-1

6.3 LIVE LOADS ................................................................................ April 2000 ................... 6-1

6.4 FOOTINGS ................................................................................... April 2000 ................... 6-1

6.5 DISTRIBUTION OF WHEEL LOADS ....................................................................................
THROUGH EARTH FILLS .......................................................... April 2000 ................... 6-1

6.6 DESIGN ........................................................................................ April 2000 ................... 6-2

Section 7 - Substructures

Part A - General Requirements and Materials

7.1 GENERAL ..................................................................................... April 2000 ................... 7-1
7.1.1 Definition................................................................................. April 2000 ................... 7-1
7.1.2 Loads ........................................................................................ April 2000 ................... 7-1



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XIII

7.1.3 Settlement ................................................................................ April 2000 ................... 7-1
7.1.4 Foundation and Retaining Wall Design ............................... April 2000 ................... 7-1

7.2 NOTATIONS ................................................................................. April 2000 ................... 7-1

Part B - Service Load Design Method Allowable Stress Design

7.3 PIERS ............................................................................................ April 2000 ................... 7-1
7.3.1 Pier Types ................................................................................ April 2000 ................... 7-1
7.3.1.1 Pier Walls ........................................................................... April 2000 ................... 7-1
7.3.1.2 Double Wall Piers .............................................................. April 2000 ................... 7-1
7.3.1.3 Bents .................................................................................... April 2000 ................... 7-1
7.3.1.4 Deleted ................................................................................. April 2000 ................... 7-2
7.3.2 Pier Protection ........................................................................ April 2000 ................... 7-2
7.3.2.1 Collision .............................................................................. April 2000 ................... 7-2
7.3.2.2 Collision Walls .................................................................... April 2000 ................... 7-2
7.3.2.3 Scour .................................................................................... April 2000 ................... 7-2
7.3.2.4 Facing .................................................................................. April 2000 ................... 7-2

7.4 TUBULAR PIERS ........................................................................ April 2000 ................... 7-2
7.4.1 Materials .................................................................................. April 2000 ................... 7-2
7.4.2 Configuration ........................................................................... April 2000 ................... 7-2

7.5 ABUTMENTS ................................................................................ April 2000 ................... 7-2
7.5.1 Abutment Types ...................................................................... April 2000 ................... 7-2
7.5.1.1 Seat Type Abutment ........................................................... April 2000 ................... 7-2
7.5.1.2 Partial-Depth Abutment ..................................................... April 2000 ................... 7-2
7.5.1.3 Full-Depth Abutment ......................................................... April 2000 ................... 7-2
7.5.1.4 Diaphragm Abutment ........................................................ April 2000 ................... 7-2
7.5.2 Loading .................................................................................... April 2000 ................... 7-2
7.5.2.1 Stability ............................................................................... April 2000 ................... 7-3
7.5.2.2 Reinforcement for Temperature ....................................... April 2000 ................... 7-3
7.5.2.3 Drainage and Backfilling ................................................... April 2000 ................... 7-3
7.5.3 Diaphragm Abutments ............................................................ April 2000 ................... 7-3
7.5.4 Deleted ...................................................................................... April 2000 ................... 7-3
7.5.5 Deleted ...................................................................................... April 2000 ................... 7-3
7.5.6 Wingwalls ................................................................................ April 2000 ................... 7-3
7.5.6.1 Length ................................................................................. April 2000 ................... 7-3
7.5.6.2 Reinforcement .................................................................... April 2000 ................... 7-3

Part C - Strength Design Method Load Factor Design

7.6 Deleted ........................................................................................... April 2000 ................... 7-3

Section 8 - Reinforced Concrete
Part A - General Requirements and Materials

8.1 APPLICATION ............................................................................. September 2003 .......... 8-1
8.1.1 General ..................................................................................... September 2003 .......... 8-1
8.1.2 Notations .................................................................................. September 2003 .......... 8-1
8.1.3 Definitions ............................................................................... September 2003 .......... 8-4



XIV CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

8.2 CONCRETE ................................................................................... September 2003 .......... 8-5

8.3 REINFORCEMENT...................................................................... September 2003 .......... 8-5

Part B - Analysis

8.4 GENERAL ..................................................................................... September 2003 .......... 8-6

8.5 EXPANSION AND CONTRACTION .......................................... September 2003 .......... 8-6

8.6 STIFFNESS .................................................................................. September 2003 .......... 8-6

8.7 MODULUS OF ELASTICITY AND POISSON'S RATIO .......... September 2003 .......... 8-6

8.8 SPAN LENGTH ............................................................................ September 2003 .......... 8-6

8.9 CONTROL OF DEFLECTIONS .................................................. September 2003 .......... 8-7
8.9.1 General ..................................................................................... September 2003 .......... 8-7
8.9.2 Superstructure Depth Limitations ........................................ September 2003 .......... 8-7
8.9.3 Superstructure Deflection Limitations .................................. September 2003 .......... 8-7

8.10 COMPRESSION FLANGE WIDTH ............................................ September 2003 .......... 8-7
8.10.1 T-Girder .................................................................................... September 2003 .......... 8-7
8.10.2 Box Girders ............................................................................. September 2003 .......... 8-7

8.11 SLABS AND WEB THICKNESS ................................................. September 2003 .......... 8-8

8.12 DIAPHRAGMS ............................................................................. September 2003 .......... 8-8

8.13 COMPUTATION OF DEFLECTIONS ........................................ September 2003 .......... 8-8

Part C - Design

8.14 GENERAL ..................................................................................... September 2003 .......... 8-9
8.14.1 Design Methods....................................................................... September 2003 .......... 8-9
8.14.2 Composite Flexural Members ................................................ September 2003 .......... 8-9
8.14.3 Concrete Arches ....................................................................... September 2003 .......... 8-9

8.15 SERVICE LOAD DESIGN METHOD......................................................................................
(ALLOWABLE STRESS DESIGN) ............................................. September 2003 ........8-10

8.15.1 General Requirements ............................................................ September 2003 ........8-10
8.15.2 Allowable Stresses ................................................................... September 2003 ........8-10
8.15.2.1 Concrete .............................................................................. September 2003 ........8-10
8.15.2.2 Reinforcement .................................................................... September 2003 ........8-11
8.15.3 Flexure ..................................................................................... September 2003 ........8-11
8.15.4 Compression Members ............................................................ September 2003 ........8-11
8.15.5 Shear ........................................................................................ September 2003 ........8-11
8.15.5.1 Shear Stress ........................................................................ September 2003 ........8-11
8.15.5.2 Shear Stress Carried by Concrete .................................... September 2003 ........8-12
8.15.5.3 Shear Stress Carried by Shear Reinforcement................ September 2003 ........8-12
8.15.5.4 Shear Friction .................................................................... September 2003 ........8-13
8.15.5.5 Horizontal Shear Design for Composite Concrete........................................................

Flexural Members .............................................................. September 2003 ........8-14
8.15.5.6 Special Provisions for Slabs and Footings ....................... September 2003 ........8-15
8.15.5.7 Deleted ................................................................................. September 2003 ........8-15
8.15.5.8 Special Provisions for Brackets and Corbels ................... September 2003 ........8-15



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XV

8.16 STRENGTH DESIGN METHOD ..............................................................................................
(LOAD FACTOR DESIGN) ......................................................... September 2003 ........ 8-16

8.16.1 Strength Requirements ........................................................... September 2003 ........ 8-16
8.16.1.1 Required Strength .............................................................. September 2003 ........ 8-16
8.16.1.2 Design Strength ................................................................. September 2003 ........ 8-16
8.16.2 Design Assumptions ................................................................ September 2003 ........ 8-17
8.16.3 Flexure ..................................................................................... September 2003 ........ 8-17
8.16.3.1 Maximum Reinforcement of Flexural Members .............. September 2003 ........ 8-17
8.16.3.2 Rectangular Sections with ..............................................................................................

Tension Reinforcement Only ............................................. September 2003 ........ 8-17
8.16.3.3 Flanged Sections with Tension Reinforcement Only ...... September 2003 ........ 8-18
8.16.3.4 Rectangular Sections with Compression .......................................................................

Reinforcement .................................................................... September 2003 ........ 8-18
8.16.3.5 Flanged Sections with Compression Reinforcement ...... September 2003 ........ 8-19
8.16.3.6 Other Cross Sections .......................................................... September 2003 ........ 8-19
8.16.4 Compression Members ............................................................ September 2003 ........ 8-19
8.16.4.1 General Requirements ....................................................... September 2003 ........ 8-19
8.16.4.2 Compression Member Strengths ....................................... September 2003 ........ 8-20
8.16.4.3 Biaxial Loading .................................................................. September 2003 ........ 8-20
8.16.4.4 Hollow Rectangular Compression Members ..................... September 2003 ........ 8-20
8.16.4.5 Probable Plastic Moment ................................................... September 2003 ........ 8-21
8.16.4.6 Special Provisions for Column and Pier Wall Hinges .... September 2003 ........ 8-21
8.16.5 Slenderness Effects in Compression Members .................... September 2003 ........ 8-22
8.16.5.1 General Requirements ....................................................... September 2003 ........ 8-22
8.16.5.2 Approximate Evaluation of Slenderness Effects ............. September 2003 ........ 8-22
8.16.6 Shear ........................................................................................ September 2003 ........ 8-24
8.16.6.1 Shear Strength ................................................................... September 2003 ........ 8-24
8.16.6.2 Shear Strength Provided by Concrete .............................. September 2003 ........ 8-24
8.16.6.3 Shear Strength Provided by Shear Reinforcement ......... September 2003 ........ 8-25
8.16.6.4 Shear Friction .................................................................... September 2003 ........ 8-25
8.16.6.5 Horizontal Shear Strength for Composite Concrete .....................................................

Flexural Members .............................................................. September 2003 ........ 8-26
8.16.6.6 Special Provisions for Slabs and Footings ....................... September 2003 ........ 8-27
8.16.6.7 Special Provisions for Box Culverts ................................. September 2003 ........ 8-28
8.16.6.8 Special Provisions for Brackets and Corbels ................... September 2003 ........ 8-28
8.16.6.9 Special Provision for Pier Walls ....................................... September 2003 ........ 8-29
8.16.6.10 Compression Member Connection to Caps ...................... September 2003 ........ 8-29
8.16.6.11 Special Seismic Provisions for Columns, ......................................................................

Pier Walls and Piles .......................................................... September 2003 ........ 8-29
8.16.7 Bearing Strength ..................................................................... September 2003 ........ 8-30
8.16.8 Serviceability Requirements .................................................. September 2003 ........ 8-30
8.16.8.1 Application .......................................................................... September 2003 ........ 8-30
8.16.8.2 Service Load Stresses ........................................................ September 2003 ........ 8-30
8.16.8.3 Fatique Stress Limits ........................................................ September 2003 ........ 8-30
8.16.8.4 Distribution of Flexural Reinforcement ........................... September 2003 ........ 8-31

Part D - Reinforcement

8.17 REINFORCEMENT OF FLEXURAL MEMBERS ..................... September 2003 ........ 8-31
8.17.1 Minimum Reinforcement ....................................................... September 2003 ........ 8-31



XVI CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

8.17.2 Distribution of Reinforcement ............................................... September 2003 ........8-31
8.17.2.1 Flexural Tension Reinforcement in Zones of ...............................................................

Maximum Tension ............................................................. September 2003 ........8-31
8.17.2.2 Transverse Deck Slab Reinforcement in T-Girders and ..............................................

Box Girders ........................................................................ September 2003 ........8-32
8.17.2.3 Bottom Slab Reinforcement for Box Girders ................... September 2003 ........8-32
8.17.3 Lateral Reinforcement of Flexural Members ........................ September 2003 ........8-32
8.17.4 Reinforcement for Hollow Rectangular ...............................................................................

Compression Members ............................................................ September 2003 ........8-33

8.18 REINFORCEMENT OF COMPRESSION MEMBERS ............. September 2003 ........8-33
8.18.1 Maximum and Minimum Longitudinal Reinforcement ...... September 2003 ........8-33
8.18.2 Lateral Reinforcement ............................................................ September 2003 ........8-34
8.18.2.1 General ................................................................................ September 2003 ........8-34
8.18.2.2 Spiral or Hoops .................................................................. September 2003 ........8-34
8.18.2.3 Ties ...................................................................................... September 2003 ........8-35
8.18.2.4 Deleted ................................................................................. September 2003 ........8-36

8.19 LIMITS FOR SHEAR REINFORCEMENT ................................ September 2003 ........8-36
8.19.1 Minimum Shear Reinforcement ............................................ September 2003 ........8-36
8.19.2 Types of Shear Reinforcement ............................................... September 2003 ........8-36
8.19.3 Spacing of Shear Reinforcement ........................................... September 2003 ........8-36

8.20 SHRINKAGE AND TEMPERATURE REINFORCEMENT ....... September 2003 ........8-36

8.21 SPACING LIMITS FOR REINFORCEMENT ........................... September 2003 ........8-36

8.22 PROTECTION AGAINST CORROSION .................................... September 2003 ........8-37

8.23 HOOKS AND BENDS .................................................................. September 2003 ........8-40
8.23.1 Standard Hooks ....................................................................... September 2003 ........8-40
8.23.2 Minimum Bend Diameters ..................................................... September 2003 ........8-40

8.24 DEVELOPMENT OF FLEXURAL REINFORCEMENT ........... September 2003 ........8-40
8.24.1 General ..................................................................................... September 2003 ........8-40
8.24.2 Postitive Moment Reinforcement .......................................... September 2003 ........8-41
8.24.3 Negative Moment Reinforcement .......................................... September 2003 ........8-41

8.25 DEVELOPMENT OF DEFORMED BARS ..............................................................................
AND DEFORMED WIRE IN TENSION .................................... September 2003 ........8-41

8.26 DEVELOPMENT OF DEFORMED BARS ..............................................................................
IN COMPRESSION ..................................................................... September 2003 ........8-42

8.27 DEVELOPMENT OF SHEAR REINFORCEMENT ................... September 2003 ........8-43

8.28 DEVELOPMENT OF BUNDLED BARS .................................... September 2003 ........8-43

8.29 DEVELOPMENT OF STANDARD HOOKS IN TENSION ...... September 2003 ........8-43
8.29.3.1 Bar Yield Strength ............................................................. September 2003 ........8-44
8.29.3.2 Concrete Cover ................................................................... September 2003 ........8-44
8.29.3.3 Ties or Stirrups .................................................................. September 2003 ........8-44
8.29.3.4 Excess Reinforcement ........................................................ September 2003 ........8-44

8.30 DEVELOPMENT OF WELDED WIRE FABRIC ...................................................................
IN TENSION ................................................................................ September 2003 ........8-45

8.30.1 Deformed Wire Fabric ............................................................ September 2003 ........8-45



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XVII

8.30.2 Smooth Wire Fabric ................................................................ September 2003 ........ 8-45

8.31 MECHANICAL ANCHORAGE .................................................... September 2003 ........ 8-45

8.32 SPLICES OF REINFORCEMENT .............................................. September 2003 ........ 8-46
8.32.1 Lap Splices .............................................................................. September 2003 ........ 8-46
8.32.2 Welded Splices and Mechanical Connections ...................... September 2003 ........ 8-46
8.32.2.2 Deleted ................................................................................. September 2003 ........ 8-46
8.32 2.3 Deleted ................................................................................. September 2003 ........ 8-46
8.32.2.4 Deleted ................................................................................. September 2003 ........ 8-46
8.32.3 Splices of Deformed Bars and Deformed Wire in Tension September 2003 ........ 8-46
8.32.3.3 Deleted ................................................................................. September 2003 ........ 8-46
8.32.3.4 Deleted ................................................................................. September 2003 ........ 8-46
8.32.4 Splices of Bars in Compression ............................................. September 2003 ........ 8-46
8.32.4.1 Lap Splices in Compression ............................................. September 2003 ........ 8-46
8.32.4.2 Deleted ................................................................................. September 2003 ........ 8-47
8.32.4.3 Deleted ................................................................................. September 2003 ........ 8-47
8.32.5 Splices of Welded Deformed Wire Fabric in Tension ......... September 2003 ........ 8-47
8.32.6 Splices of Welded Smooth Wire Fabric in Tension ............. September 2003 ........ 8-47
8.32.6.1 Deleted ................................................................................. September 2003 ........ 8-47
8.32.6.2 Deleted ................................................................................. September 2003 ........ 8-47

Section 8 Commentary - Reinforced Concrete

8.15.5.6 Special Provisions for Slabs and Footings ....................... September 2003 ........ 8-48
8.16.1.2 Design Strength ................................................................. September 2003 ........ 8-49
8.16.3.5 Flanged Sections with Compression Reinforcement ...... September 2003 ........ 8-49
8.16.4.5 Probable Plastic Moment ................................................... September 2003 ........ 8-49
8.16.4.5 Special Provisions for Column and Pier Wall Hinges .... September 2003 ........ 8-52
8.16.6.6 Special Provisions for Slabs and Footings ....................... September 2003 ........ 8-52
8.16.6.7 Special Provisions for Box Culverts ................................. September 2003 ........ 8-52
8.16.8.4 Distribution of Flexural Reinforcement ........................... September 2003 ........ 8-52
8.16.6.9 Special Provision for Pier Walls ....................................... September 2003 ........ 8-52
8.16.6.10 Compression Member Connection to Caps ...................... September 2003 ........ 8-53
8.16.6.11 Special Seismic Provision for Columns, ........................................................................

Pier Walls and Piles .......................................................... September 2003 ........ 8-53
8.16.8.4 Distribution of Flexural Reinforcement ........................... September 2003 ........ 8-53
8.18.1.4 Interlocking Spirals ............................................................ September 2003 ........ 8-54
8.18.2.2 Spiral Reinforcement ......................................................... September 2003 ........ 8-54
8.18.2.3 Ties ...................................................................................... September 2003 ........ 8-56

8.21 SPACING LIMITS FOR REINFORCEMENT ........................... September 2003 ........ 8-57

8.22 PROTECTION AGAINST CORRISION ...................................... September 2003 ........ 8-57

Section 9 - Prestressed Concrete
Part A - General Requirements and Materials

9.1 APPLICATION ............................................................................. April 2000 ................... 9-1
9.1.1 General ..................................................................................... April 2000 ................... 9-1



XVIII CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

9.1.2 Notations .................................................................................. April 2000 ................... 9-1
9.1.3 Definitions ............................................................................... April 2000 ................... 9-3

9.2 CONCRETE ................................................................................... April 2000 ................... 9-4

9.3 REINFORCEMENT...................................................................... April 2000 ................... 9-4
9.3.1 Prestressing Steel .................................................................... April 2000 ................... 9-4
9.3.2 Non-Prestressed Reinforcement ............................................. April 2000 ................... 9-4

Part B - Analysis

9.4 GENERAL ..................................................................................... April 2000 ................... 9-5

9.5 EXPANSION AND CONTRACTION .......................................... April 2000 ................... 9-5

9.6 SPAN LENGTH ............................................................................ April 2000 ................... 9-5

9.7 FRAMES AND CONTINUOUS CONSTRUCTION .................... April 2000 ................... 9-5
9.7.1 Cast-in-Place Post-Tensioned Bridges .................................... April 2000 ................... 9-5
9.7.2 Bridges Composed of Simple-Span Precast .......................................................................

Prestressed Girders Made Continuous ................................. April 2000 ................... 9-5
9.7.2.1 General ................................................................................ April 2000 ................... 9-5
9.7.2.2 Positive Moment Connection at Piers .............................. April 2000 ................... 9-5
9.7.2.3 Negative Moments ............................................................. April 2000 ................... 9-5
9.7.3 Segmental Box Girders ........................................................... April 2000 ................... 9-5
9.7.3.1 General ................................................................................ April 2000 ................... 9-5
9.7.3.2 Flexure ................................................................................ April 2000 ................... 9-6
9.7.3.3 Torsion................................................................................. April 2000 ................... 9-6

9.8 EFFECTIVE FLANGE WIDTH .................................................. April 2000 ................... 9-6
9.8.1 T-Beams .................................................................................... April 2000 ................... 9-6
9.8.2 Box Girders ............................................................................. April 2000 ................... 9-6
9.8.3 Precast/Prestressed Concrete Beams with ........................................................................

Wide Top Flanges ................................................................... April 2000 ................... 9-6

9.9 FLANGE AND WEB THICKNESS - BOX GIRDERS ............... April 2000 ................... 9-6
9.9.1 Top Flange ............................................................................... April 2000 ................... 9-6
9.9.2 Bottom Flange ......................................................................... April 2000 ................... 9-7
9.9.3 Web........................................................................................... April 2000 ................... 9-7

9.10 DIAPHRAGMS ............................................................................. April 2000 ................... 9-7
9.10.1 General ..................................................................................... April 2000 ................... 9-7
9.10.2 T-Beams, Precast I and Bulb-tee Girders .............................. April 2000 ................... 9-7
9.10.3 Box Girders ............................................................................. April 2000 ................... 9-7

9.11 DEFLECTIONS ............................................................................ April 2000 ................... 9-7
9.11.1 General ..................................................................................... April 2000 ................... 9-7
9.11.2 Segmental Box Girders ........................................................... April 2000 ................... 9-7
9.11.3 Superstructure Deflection Limitations .................................. April 2000 ................... 9-7

9.12 DECK PANELS ............................................................................ April 2000 ................... 9-7
9.12.1 General ..................................................................................... April 2000 ................... 9-7
9.12.2 Bending Moment ..................................................................... April 2000 ................... 9-8



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XIX

Part C - Design

9.13 GENERAL ..................................................................................... April 2000 ................... 9-9
9.13.1 Design Theory and General Considerations ......................... April 2000 ................... 9-9
9.13.2 Basic Assumptions .................................................................. April 2000 ................... 9-9
9.13.3 Composite Flexural Members ................................................ April 2000 ................... 9-9

9.14 LOAD FACTORS .......................................................................... April 2000 ................... 9-9

9.15 ALLOWABLE STRESSES ........................................................... April 2000 ................... 9-9
9.15.1 Prestressing Steel .................................................................... April 2000 ................. 9-10
9.15.2 Concrete ................................................................................... April 2000 ................. 9-10
9.15.2.1 Temporary Stresses Before Losses Due to ....................................................................

Creep and Shrinkage ......................................................... April 2000 ................. 9-10
9.15.2.2 Stress at Service Load After Losses Have Occurred ...... April 2000 ................. 9-10
9.15.2.3 Cracking Stress (Refer to Article 9.18) ............................ April 2000 ................. 9-10
9.15.2.4 Anchorage Bearing Stress .................................................. April 2000 ................. 9-11

9.16 LOSS OF PRESTRESS ................................................................ April 2000 ................. 9-11
9.16.1 Friction Losses ........................................................................ April 2000 ................. 9-11
9.16.2 Prestress Losses ...................................................................... April 2000 ................. 9-11
9.16.2.1 General ................................................................................ April 2000 ................. 9-11
9.16.2.2 Estimated Losses ................................................................ April 2000 ................. 9-14

9.17 FLEXURAL STRENGTH ............................................................. April 2000 ................. 9-14
9.17.1 General ..................................................................................... April 2000 ................. 9-14
9.17.2 Rectangular Sections ............................................................... April 2000 ................. 9-14
9.17.3 Flanged Sections ..................................................................... April 2000 ................. 9-15
9.17.4 Steel Stress .............................................................................. April 2000 ................. 9-15

9.18 DUCTILITY LIMITS ................................................................... April 2000 ................. 9-16
9.18.1 Maximum Prestressing Steel ................................................. April 2000 ................. 9-16
9.18.2 Minimum Steel ........................................................................ April 2000 ................. 9-16

9.19 NON-PRESTRESSED REINFORCEMENT ................................ April 2000 ................. 9-16

9.20 SHEAR .......................................................................................... April 2000 ................. 9-17
9.20.1 General ..................................................................................... April 2000 ................. 9-17
9.20.2 Shear Strength Provided by Concrete ................................... April 2000 ................. 9-17
9.20.3 Shear Strength Provided by Web Reinforcement ................ April 2000 ................. 9-18
9.20.4 Horizontal Shear Design - ...................................................................................................

Composite Flexural Members ................................................ April 2000 ................. 9-18

9.21 POST-TENSIONED ANCHORAGE ZONES ............................... April 2000 ................. 9-19
9.21.1      Geometry of the Anchorage Zone ......................................... April 2000 ................. 9-19
9.21.2 General Zone and Local Zone ................................................ April 2000 ................. 9-19
9.21.2.1 General Zone ...................................................................... April 2000 ................. 9-19
9.21.2.2 Local Zone ........................................................................... April 2000 ................. 9-19
9.21.2.3 Responsibilities .................................................................. April 2000 ................. 9-19
9.21.3 General Zone and Local Zone ................................................ April 2000 ................. 9-20
9.21.3.1 Design Methods ................................................................. April 2000 ................. 9-20
9.21.3.2 Nominal Material Strengths .............................................. April 2000 ................. 9-20
9.21.3.3 Use of Special Anchorage Devices .................................... April 2000 ................. 9-20
9.21.3.4 General Design Principles and Detailing Requirements April 2000 ................. 9-20
9.21.3.5 Intermediate Anchorages .................................................. April 2000 ................. 9-21



XX CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

9.21.3.6 Diaphragms ........................................................................ April 2000 .................9-22
9.21.3.7 Multiple Slab Anchorages .................................................. April 2000 .................9-22
9.21.4 Application to Strut-and-Tie Models to the Design of ......................................................

Anchorage Zones ..................................................................... April 2000 .................9-23
9.21.4.1 General ................................................................................ April 2000 .................9-23
9.21.4.2 Nodes ................................................................................... April 2000 .................9-23
9.21.4.3 Struts ................................................................................... April 2000 .................9-23
9.21.4.4 Ties ...................................................................................... April 2000 .................9-24
9.21.5 Elastic Stress Analysis............................................................. April 2000 .................9-24
9.21.6 Approximate Methods............................................................. April 2000 .................9-24
9.21.6.1 Limitations ......................................................................... April 2000 .................9-24
9.21.6.2 Compressive Stresses ......................................................... April 2000 .................9-24
9.21.6.3 Bursting Forces .................................................................. April 2000 .................9-25
9.21.6.4 Edge-Tension Forces .......................................................... April 2000 .................9-25
9.21.7 Design of the Local Zone ........................................................ April 2000 .................9-25
9.21.7.1 Dimensions of the Local Zone .......................................... April 2000 .................9-25
9.21.7.2 Bearing Strength ................................................................ April 2000 .................9-26
9.21.7.3 Deleted ................................................................................. April 2000 .................9-27

9.22 PRETENSIONED ANCHORAGE ZONES .................................. April 2000 .................9-27

9.23 CONCRETE STRENGTH AT STRESS TRANSFER ................... April 2000 .................9-27

9.24 DECK PANELS ............................................................................ April 2000 .................9-27

Part D - Detailing

9.25 FLANGE REINFORCEMENT..................................................... April 2000 .................9-28

9.26 COVER AND SPACING OF STEEL .......................................... April 2000 .................9-28
9.26.1 Minimum Cover ...................................................................... April 2000 .................9-28
9.26.2 Minimum Spacing ................................................................... April 2000 .................9-28
9.26.3 Bundling ................................................................................... April 2000 .................9-28
9.26.4 Size of Ducts ............................................................................ April 2000 .................9-28

9.27 POST-TENSIONING ANCHORAGES AND COUPLERS .......... April 2000 .................9-28

9.28 EMBEDMENT OF PRESTRESSED STRAND ........................... April 2000 .................9-29

9.29 BEARINGS .................................................................................... April 2000 .................9-29

Section 10 - Structural Steel
Part A - General Requirements and Materials

10.1 APPLICATION ............................................................................. February 2004 ..........10-1
10.1.1 General ..................................................................................... February 2004 ..........10-1
10.1.2 Notations .................................................................................. February 2004 ..........10-1
10.1.3 Definition................................................................................. February 2004 ..........10-8

10.2 MATERIALS ................................................................................. February 2004 ........10-10
10.2.1 General ..................................................................................... February 2004 ........10-10
10.2.2 Structural Steels ...................................................................... February 2004 ........10-10
10.2.3 Steels for Pins, Rollers, and Expansion Rockers .................. February 2004 ........10-10
10.2.4 Fasteners ................................................................................. February 2004 ........10-10



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XXI

10.2.5 Weld Metal .............................................................................. February 2004 ........10-10
10.2.6 Cast Steel, Ductile Iron Castings, Malleable Castings .......................................................

and Cast Iron ........................................................................... February 2004 ........10-13
10.2.6.1 Cast Steel and Ductile Iron ............................................... February 2004 ........10-13
10.2.6.2 Malleable Castings .............................................................. February 2004 ........10-13
10.2.6.3 Cast Iron ............................................................................. February 2004 ........10-13

Part B - Design Details

10.3 REPETITIVE LOADING AND TOUGHNESS ........................................................................
CONSIDERATIONS ..................................................................... February 2004 ........10-14

10.3.1 Allowable Fatigue Stress Range ............................................. February 2004 ........10-14
10.3.2 Load Cycles .............................................................................. February 2004 ........10-20
10.3.3 Charpy V-Notch Impact Requirements .................................. February 2004 ........10-20
10.3.4 Shear ........................................................................................ February 2004 ........10-20
10.3.5 Loading .................................................................................... February 2004 ........10-20

10.4 EFFECTIVE LENGTH OF SPAN ............................................... February 2004 ........10-20

10.5 DEPTH RATIOS ........................................................................... February 2004 ........10-20

10.6 DEFLECTION .............................................................................. February 2004 ........10-21

10.7 LIMITING LENGTHS OF MEMBERS ...................................... February 2004 ........10-21

10.8 MINIMUM THICKNESS OF METAL........................................ February 2004 ........10-22

10.9 EFFECTIVE NET AREA FOR TENSION MEMBERS .............. February 2004 ........10-22

10.10 OUTSTANDING LEGS OF ANGLES ........................................ February 2004 ........10-23

10.11 EXPANSION AND CONTRACTION .......................................... February 2004 ........10-23

10.12 MEMBERS .................................................................................... February 2004 ........10-23
10.12.1 Flexural Members ................................................................... February 2004 ........10-23
10.12.2 Compression Members ............................................................ February 2004 ........10-23
10.12.3 Tension Members .................................................................... February 2004 ........10-23

10.13 COVER PLATES .......................................................................... February 2004 ........10-23

10.14 CAMBER ....................................................................................... February 2004 ........10-24

10.15 HEAT-CURVED ROLLED BEAMS AND ................................................................................
WELDED PLATE GIRDERS ...................................................... February 2004 ........10-24

10.15.1 Scope ........................................................................................ February 2004 ........10-24
10.15.2 Minimum Radius of Curvature ............................................. February 2004 ........10-24
10.15.3 Camber ..................................................................................... February 2004 ........10-25

10.16 TRUSSES ...................................................................................... February 2004 ........10-25
10.16.1 General ..................................................................................... February 2004 ........10-25
10.16.2 Truss Members ........................................................................ February 2004 ........10-25
10.16.3 Secondary Stresses .................................................................. February 2004 ........10-26
10.16.4 Diaphragms ............................................................................. February 2004 ........10-26
10.16.5 Camber ..................................................................................... February 2004 ........10-26
10.16.6 Working Lines and Gravity Axes .......................................... February 2004 ........10-26
10.16.7 Portal and Sway Bracing ........................................................ February 2004 ........10-26
10.16.8 Perforated Cover Plates .......................................................... February 2004 ........10-27



XXII CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

10.16.9 Stay Plates ............................................................................... February 2004 ........10-27
10.16.10 Lacing Bars .............................................................................. February 2004 ........10-27
10.16.11 Gusset Plates ........................................................................... February 2004 ........10-28
10.16.12 Half-Through Truss Spans ...................................................... February 2004 ........10-28
10.16.13 Fastener Pitch in Ends of Compression Members .............. February 2004 ........10-28
10.16.14 Net Section of Riveted or High-Strength ...........................................................................

Bolted Tension Members ........................................................ February 2004 ........10-28

10.17 BENTS AND TOWERS ................................................................ February 2004 ........10-29
10.17.1 General ..................................................................................... February 2004 ........10-29
10.17.2 Single Bents ............................................................................. February 2004 ........10-29
10.17.3 Batter ........................................................................................ February 2004 ........10-29
10.17.4 Bracing ..................................................................................... February 2004 ........10-29
10.17.5 Bottom Struts ........................................................................... February 2004 ........10-29

10.18 SPLICES ....................................................................................... February 2004 ........10-29
10.18.1 General ..................................................................................... February 2004 ........10-29
10.18.1.1 Design Strength.................................................................. February 2004 ........10-29
10.18.1.2 Fillers .................................................................................. February 2004 ........10-30
10.18.1.3 Design Force for Flange Splice Plates ............................. February 2004 ........10-30
10.18.1.4 Truss Chords and Column ................................................. February 2004 ........10-30
10.18.2 Flexural Members ................................................................... February 2004 ........10-30
10.18.2.1 General ................................................................................ February 2004 ........10-30
10.18.2.2 Flange Splices ..................................................................... February 2004 ........10-31
10.18.2.3 Web Splices ........................................................................ February 2004 ........10-32
10.18.3 Compression Members ............................................................ February 2004 ........10-34
10.18.4 Tension Members .................................................................... February 2004 ........10-34
10.18.5 Welding Splices ....................................................................... February 2004 ........10-35

10.19 CONNECTIONS ........................................................................... February 2004 ........10-35
10.19.1 General ..................................................................................... February 2004 ........10-35
10.19.2 End Connections of Floor Beams and Stringers .................. February 2004 ........10-35
10.19.3 End Connections of Diaphragms and Cross Frames ........... February 2004 ........10-35
10.19.4 Block Shear Rupture Strength ............................................... February 2004 ........10-36
10.19.4.1 General ................................................................................ February 2004 ........10-36
10.19.4.2 Allowable Block Shear Rupture Stress .............................. February 2004 ........10-36
10.19.4.3 Design Block Shear Rupture Strength ............................. February 2004 ........10-36

10.20 DIAPHRAGMS AND CROSS FRAMES ..................................... February 2004 ........10-36
10.20.1 General ..................................................................................... February 2004 ........10-36
10.20.2 Horizontal Force ...................................................................... February 2004 ........10-37

10.21 LATERAL BRACING ................................................................... February 2004 ........10-37

10.22 CLOSED SECTIONS AND POCKETS ....................................... February 2004 ........10-37

10.23 WELDING .................................................................................... February 2004 ........10-38
10.23.1 General ..................................................................................... February 2004 ........10-38
10.23.2 Effective Size of Fillet Welds ................................................. February 2004 ........10-38
10.23.2.1 Maximum Size of Fillet Welds ......................................... February 2004 ........10-38
10.23.2.2 Minimum Size of Fillet Welds .......................................... February 2004 ........10-38
10.23.3 Minimum Effective Length of Fillet Welds.......................... February 2004 ........10-38
10.23.4 Fillet Weld End Returns ........................................................ February 2004 ........10-38
10.23.5 Seal Welds ............................................................................... February 2004 ........10-38



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XXIII

10.24 FASTENERS ................................................................................. February 2004 ........10-39
10.24.1 General ..................................................................................... February 2004 ........10-39
10.24.2 Hole Types ............................................................................... February 2004 ........10-40
10.24.3 Washer Requirements ............................................................ February 2004 ........10-40
10.24.4 Size of Fasteners (Rivets or High-Strength Bolts) ............... February 2004 ........10-41
10.24.5 Spacing of Fasteners ............................................................... February 2004 ........10-41
10.24.5.1 Pitch and Gage of Fasteners ............................................. February 2004 ........10-41
10.24.5.2 Minimum Spacing of Fasteners ........................................ February 2004 ........10-41
10.24.5.3 Minimum Clear Distance Between Holes ........................ February 2004 ........10-41
10.24.5.4 Maximum Spacing of Fasteners ....................................... February 2004 ........10-41
10.24.6 Maximum Spacing of Sealing and Stitch Fasteners ............ February 2004 ........10-42
10.24.6.1 Sealing Fasteners ............................................................... February 2004 ........10-42
10.24.6.2 Stitch Fasteners ................................................................. February 2004 ........10-42
10.24.7 Edge Distance of Fasteners ................................................... February 2004 ........10-42
10.24.7.1 General ................................................................................ February 2004 ........10-42
10.24.8 Long Rivets .............................................................................. February 2004 ........10-42

10.25 LINKS AND HANGERS .............................................................. February 2004 ........10-42
10.25.1 Net Section .............................................................................. February 2004 ........10-42
10.25.2 Location of Pins ...................................................................... February 2004 ........10-43
10.25.3 Size of Pins .............................................................................. February 2004 ........10-43
10.25.4 Pin Plates ................................................................................ February 2004 ........10-43
10.25.5 Pins and Pin Nuts .................................................................. February 2004 ........10-43

10.26 UPSET ENDS ............................................................................... February 2004 ........10-43

10.27 EYEBARS ...................................................................................... February 2004 ........10-43
10.27.1 Thickness and Net Section ..................................................... February 2004 ........10-43
10.27.2 Packing of Eyebars .................................................................. February 2004 ........10-43

10.28 FORKED ENDS ........................................................................... February 2004 ........10-43

10.29 FIXED AND EXPANSION BEARINGS ..................................... February 2004 ........10-44
10.29.1 General ..................................................................................... February 2004 ........10-44
10.29.2 Deleted ...................................................................................... February 2004 ........10-44
10.29.3 Deleted ...................................................................................... February 2004 ........10-44
10.29.4 Sole Plate and Masonry Plates .............................................. February 2004 ........10-44
10.29.5 Masonry Bearings ................................................................... February 2004 ........10-44
10.29.6 Anchor Rods ............................................................................ February 2004 ........10-44
10.29.7 Pedestals and Shoes ................................................................ February 2004 ........10-44

10.30 FLOOR SYSTEM ......................................................................... February 2004 ........10-45
10.30.1 Stringers .................................................................................. February 2004 ........10-45
10.30.2 Floor Beams ............................................................................. February 2004 ........10-45
10.30.3 Cross Frames ........................................................................... February 2004 ........10-45
10.30.4 Expansion Joints ..................................................................... February 2004 ........10-45
10.30.5 End Floor Beams ..................................................................... February 2004 ........10-45
10.30.6 End Panel of Skewed Bridges ............................................... February 2004 ........10-45
10.30.7 Sidewalk Brackets ................................................................... February 2004 ........10-45
10.30.8 Stay-in-Place Deck Forms ....................................................... February 2004 ........10-45
10.30.8.1 Concrete Deck Panels ........................................................ February 2004 ........10-45
10.30.8.2 Metal Stay-in-Place Forms ................................................. February 2004 ........10-45



XXIV CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

Part C - Service Load Design Method - Allowable Stress Design

10.31 SCOPE........................................................................................... February 2004 ........10-46

10.32 ALLOWABLE STRESSES ........................................................... February 2004 ........10-46
10.32.1 Steel .......................................................................................... February 2004 ........10-46
10.32.2 Weld Metal .............................................................................. February 2004 ........10-46
10.32.3 Fasteners ................................................................................. February 2004 ........10-46
10.32.3.1 General ................................................................................ February 2004 ........10-46
10.32.3.3 Applied Tension, Combined Tension and Shear ............. February 2004 ........10-52
10.32.3.4 Fatigue ................................................................................ February 2004 ........10-53
10.32.4 Pins, Rollers, and Expansion Rockers ................................... February 2004 ........10-53
10.32.5 Cast Steel, Ductile Iron Castings, Malleable Castings, ......................................................

and Cast Iron ........................................................................... February 2004 ........10-54
10.32.5.1 Cast Steel and Ductile Iron ............................................... February 2004 ........10-54
10.32.5.2 Malleable Castings .............................................................. February 2004 ........10-54
10.32.5.3 Cast Iron ............................................................................. February 2004 ........10-54
10.32.5.4 Deleted ................................................................................. February 2004 ........10-54
10.32.5.6 Bearing on Masonry ........................................................... February 2004 ........10-55

10.33 ROLLED BEAMS ......................................................................... February 2004 ........10-55
10.33.1 General ..................................................................................... February 2004 ........10-55
10.33.2 Bearing Stiffeners ................................................................... February 2004 ........10-55

10.34 PLATE GIRDERS ........................................................................ February 2004 ........10-55
10.34.1 General ..................................................................................... February 2004 ........10-55
10.34.2 Flanges ..................................................................................... February 2004 ........10-56
10.34.2.1 Welded Girders .................................................................. February 2004 ........10-56
10.34.2.2 Riveted or Bolted Girders ................................................. February 2004 ........10-58
10.34.3 Web Plates ............................................................................... February 2004 ........10-58
10.34.3.1 Girders Not Stiffened Longitudinally .............................. February 2004 ........10-58
10.34.3.2 Girders Stiffened Longitudinally ..................................... February 2004 ........10-58
10.34.4 Transverse Intermediate Stiffeners ....................................... February 2004 ........10-60
10.34.5 Longitudinal Stiffeners ........................................................... February 2004 ........10-62
10.34.6 Bearing Stiffeners ................................................................... February 2004 ........10-63
10.34.6.1 Welded Girders .................................................................. February 2004 ........10-63
10.34.6.2 Riveted or Bolted Girders ................................................. February 2004 ........10-64

10.35 TRUSSES ...................................................................................... February 2004 ........10-64
10.35.1 Perforated Cover Plates and Lacing Bars ............................. February 2004 ........10-64
10.35.2 Compression Members ............................................................ February 2004 ........10-64

10.36 COMBINED STRESSES .............................................................. February 2004 ........10-66

10.37 SOLID RIB ARCHES ................................................................... February 2004 ........10-67
10.37.1 Moment Amplification and Allowable Stress ........................ February 2004 ........10-67
10.37.2 Web Plates ............................................................................... February 2004 ........10-68
10.37.3 Flange Plates ........................................................................... February 2004 ........10-68

10.38 COMPOSITE BEAMS AND GIRDERS ...................................... February 2004 ........10-70
10.38.1 General ..................................................................................... February 2004 ........10-70
10.38.2 Shear Conectors ....................................................................... February 2004 ........10-70
10.38.3 Effective Flange Width ........................................................... February 2004 ........10-71
10.38.4 Stresses ..................................................................................... February 2004 ........10-71



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XXV

10.38.5 Shear ........................................................................................ February 2004 ........10-71
10.38.5.1 Horizontal Shear ................................................................. February 2004 ........10-71
10.38.5.2 Vertical Shear ..................................................................... February 2004 ........10-74
10.38.6 Deflection ................................................................................. February 2004 ........10-74

10.39 COMPOSITE BOX GIRDERS ..................................................... February 2004 ........10-74
10.39.1 General ..................................................................................... February 2004 ........10-74
10.39.2 Lateral Distribution of Loads for Bending Moment ............ February 2004 ........10-74
10.39.3 Web Plates ............................................................................... February 2004 ........10-75
10.39.3.1 Vertical Shear ..................................................................... February 2004 ........10-75
10.39.3.2 Secondary Bending Stresses ............................................. February 2004 ........10-75
10.39.4 Bottom Flange Plates .............................................................. February 2004 ........10-75
10.39.4.1 General ................................................................................ February 2004 ........10-75
10.39.4.2 Compression Flanges Unstiffened .................................... February 2004 ........10-75
10.39.4.3 Compression Flanges Stiffened Longitudinally .............. February 2004 ........10-76
10.39.4.4 Compression Flanges Stiffened Longitudinally ...........................................................

and Transversely ................................................................ February 2004 ........10-79
10.39.4.5 Compression Flange Stiffeners, General ......................... February 2004 ........10-80
10.39.5 Flange to Web Welds .............................................................. February 2004 ........10-80
10.39.6 Diaphragms ............................................................................. February 2004 ........10-80
10.39.7 Lateral Bracing ........................................................................ February 2004 ........10-80
10.39.8 Access and Drainage ............................................................... February 2004 ........10-80

10.40 HYBRID GIRDERS ...................................................................... February 2004 ........10-80
10.40.1 General ..................................................................................... February 2004 ........10-80
10.40.2 Allowable Stresses ................................................................... February 2004 ........10-80
10.40.2.1 Bending ............................................................................... February 2004 ........10-80
10.40.2.2 Shear ................................................................................... February 2004 ........10-81
10.40.2.3 Fatigue ................................................................................ February 2004 ........10-81
10.40.3 Plate Thickness Requirements ............................................... February 2004 ........10-81
10.40.4 Bearing Stiffener Requirements ............................................ February 2004 ........10-81

10.41 ORTHOTROPIC-DECK SUPERSTRUCTURES ......................... February 2004 ........10-82
10.41.1 General ..................................................................................... February 2004 ........10-82
10.41.2 Wheel Load Contact Area ....................................................... February 2004 ........10-82
10.41.3 Effective Width of Deck Plate ............................................... February 2004 ........10-82
10.41.3.1 Ribs and Beams .................................................................. February 2004 ........10-82
10.41.3.2 Girders ................................................................................ February 2004 ........10-82
10.41.4 Allowable Stresses ................................................................... February 2004 ........10-82
10.41.4.1 Local Bending Stresses in Deck Plate .............................. February 2004 ........10-82
10.41.4.2 Bending Stresses in Longitudinal Ribs ............................ February 2004 ........10-83
10.41.4.3 Bending Stresses in Transverse Beams ........................... February 2004 ........10-83
10.41.4.4 Intersections of Ribs, Beams, and Girders ...................... February 2004 ........10-83
10.41.4.5 Thickness of Plate Elements ............................................. February 2004 ........10-83
10.41.4.6 Maximum Slenderness of Longitudinal Ribs .................. February 2004 ........10-83
10.41.4.7 Diaphragms ........................................................................ February 2004 ........10-83
10.41.4.8 Stiffness Requirements ...................................................... February 2004 ........10-83
10.41.4.9 Wearing Surface................................................................. February 2004 ........10-84
10.41.4.10 Closed Ribs ......................................................................... February 2004 ........10-84



XXVI CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

Part D - Strength Design Method - Load Factor Design

10.42 SCOPE........................................................................................... February 2004 ........10-85

10.43 LOADS .......................................................................................... February 2004 ........10-85

10.44 DESIGN THEORY ....................................................................... February 2004 ........10-85

10.45 ASSUMPTIONS............................................................................ February 2004 ........10-85

10.46 DESIGN STRESS FOR STRUCTURAL STEEL ......................... February 2004 ........10-85

10.47 MAXIMUM DESIGN LOADS ..................................................... February 2004 ........10-85

10.48 FLEXURAL MEMBERS .............................................................. February 2004 ........10-85
10.48.1 Compact Sections .................................................................... February 2004 ........10-86
10.48.2 Braced Members with Non-Compact Sections ...................... February 2004 ........10-87
10.48.3 Transitions ............................................................................... February 2004 ........10-88
10.48.4 Partially Braced Sections Members ....................................... February 2004 ........10-88
10.48.5 Transversely Stiffened Girders .............................................. February 2004 ........10-90
10.48.6 Longitudinally Stiffened Girders .......................................... February 2004 ........10-91
10.48.7 Bearing Stiffeners ................................................................... February 2004 ........10-92
10.48.8 Shear ........................................................................................ February 2004 ........10-92

10.49 FLEXURAL MEMBERS WITH SINGLY SYMMETRIC........................................................
SECTIONS .................................................................................... February 2004 ........10-93

10.49.1 General ..................................................................................... February 2004 ........10-93
10.49.2 Transversly Stiffened Sections ............................................... February 2004 ........10-93
10.49.3 Longitudinally Stiffened Sections ......................................... February 2004 ........10-94
10.49.4 Braced Non-Compact Sections ............................................... February 2004 ........10-94
10.49.5 Partially Braced Sections ........................................................ February 2004 ........10-94

10.50 COMPOSITE SECTIONS ............................................................ February 2004 ........10-94
10.50.1 Positive Moment Sections ...................................................... February 2004 ........10-95
10.50.1.1 Compact Sections ............................................................... February 2004 ........10-95
10.50.1.2 Non-Compact Sections ........................................................ February 2004 ........10-97
10.50.2 Negative Moment Sections ..................................................... February 2004 ........10-97
10.50.2.1 Compact Sections ............................................................... February 2004 ........10-97
10.50.2.2 Non-Compact Sections ........................................................ February 2004 ........10-98

10.51 COMPOSITE BOX GIRDERS ..................................................... February 2004 ........10-98
10.51.1 Design Bending Strength ....................................................... February 2004 ........10-98
10.51.2 Live Load Moment Distribution ............................................ February 2004 ........10-98
10.51.3 Web Plates ............................................................................... February 2004 ........10-98
10.51.4 Tension Flanges ....................................................................... February 2004 ........10-99
10.51.5 Compression Flanges .............................................................. February 2004 ........10-99
10.51.6 Diaphragms ............................................................................. February 2004 ..... 10-100
10.51.7 Flange to Web Welds .............................................................. February 2004 ..... 10-100

10.52 SHEAR CONNECTORS ............................................................... February 2004 ..... 10-100
10.52.1 General ..................................................................................... February 2004 ..... 10-100
10.52.2 Number of Connectors ............................................................ February 2004 ..... 10-100
10.52.3 Maximum Spacing .................................................................. February 2004 ..... 10-100

10.53 HYBRID GIRDERS ...................................................................... February 2004 ..... 10-100
10.53.1 Non-Composite Sections ......................................................... February 2004 ..... 10-101



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XXVII

10.53.1.1 Compact Sections ............................................................... February 2004 ..... 10-101
10.53.1.2 Braced Non-Compact Sections .......................................... February 2004 ..... 10-101
10.53.1.3 Partially Braced Sections .................................................. February 2004 ..... 10-101
10.53.1.4 Transversely Stiffened Girders ......................................... February 2004 ..... 10-102
10.53.2 Composite Sections ................................................................. February 2004 ..... 10-102

10.54 COMPRESSION MEMBERS ....................................................... February 2004 ..... 10-102
10.54.1 Axial Loading .......................................................................... February 2004 ..... 10-102
10.54.1.1 Design Axial Strength ........................................................ February 2004 ..... 10-102
10.54.1.2 Effective Length ................................................................. February 2004 ..... 10-103
10.54.2 Combined Axial Load and Bending ...................................... February 2004 ..... 10-103
10.54.2.1 Deleted ................................................................................. February 2004 ..... 10-103
10.54.2.2 Deleted ................................................................................. February 2004 ..... 10-103

10.55 SOLID RIB ARCHES ................................................................... February 2004 ..... 10-103
10.55.1 Moment Amplification and Allowable Stresses .................... February 2004 ..... 10-103
10.55.2 Web Plates ............................................................................... February 2004 ..... 10-103
10.55.3 Flange Plates ........................................................................... February 2004 ..... 10-105

10.56 SPLICES,  CONNECTIONS, AND DETAILS ............................ February 2004 ..... 10-105
10.56.1 Connectors ............................................................................... February 2004 ..... 10-105
10.56.1.1 General ................................................................................ February 2004 ..... 10-105
10.56.1.2 Welds ................................................................................... February 2004 ..... 10-105
10.56.1.3 Fasteners ............................................................................ February 2004 ..... 10-105
10.56.1.4 Slip-Critical Joints .............................................................. February 2004 ..... 10-107
10.56.2 Bolts Subjected to Prying Action by Connected Parts ......... February 2004 ..... 10-107
10.56.3 Rigid Connections ................................................................... February 2004 ..... 10-107

10.57 OVERLOAD .................................................................................. February 2004 ..... 10-107
10.57.1 Non-Composite Sections ......................................................... February 2004 ..... 10-108
10.57.2 Composited Sections ............................................................... February 2004 ..... 10-108
10.57.3 Slip-Critical Joints ................................................................... February 2004 ..... 10-108

10.58 FATIGUE ...................................................................................... February 2004 ..... 10-109
10.58.1 General ..................................................................................... February 2004 ..... 10-109
10.58.2 Composite Construction .......................................................... February 2004 ..... 10-109
10.58.2.1 Slab Reinforcement ............................................................ February 2004 ..... 10-109
10.58.2.2 Shear Connectors ............................................................... February 2004 ..... 10-109
10.58.3 Hybrid Beams and Girders .................................................... February 2004 ..... 10-109

10.59 DEFLECTION .............................................................................. February 2004 ..... 10-109

10.60 ORTHOTROPIC SUPERSTRUCTURES ..................................... February 2004 ..... 10-109

10.61 CONSTRUCTIBILITY .................................................................. February 2004 ..... 10-109
10.61.1 Web .......................................................................................... February 2004 ..... 10-109
10.61.2 Deleted ...................................................................................... February 2004 ..... 10-110
10.61.3 Cross Section ........................................................................... February 2004 ..... 10-110
10.61.4 Compression Flange ................................................................ February 2004 ..... 10-110

Section 11 - Aluminum Design
11.1 GENERAL ..................................................................................... April 2000 ................. 11-1

11.2 BRIDGES ...................................................................................... April 2000 ................. 11-1



XXVIII CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

11.3 SOIL-METAL PLATE INTERACTION SYSTEMS .................... April 2000 .................11-1

11.4 STRUCTURAL SUPPORTS FOR HIGHWAY SIGNS, ...........................................................
LUMINAIRES, AND TRAFFIC SIGNALS ................................ April 2000 .................11-1

11.5 BRIDGE RAILING....................................................................... April 2000 .................11-1

Section 12 - Soil-Corrugated Metal Structure Interaction Systems
12.1 GENERAL ..................................................................................... April 2000 .................12-1
12.1.1 Scope ........................................................................................ April 2000 .................12-1
12.1.2 Notations .................................................................................. April 2000 .................12-1
12.1.3 Loads ........................................................................................ April 2000 .................12-1
12.1.4 Design ...................................................................................... April 2000 .................12-1
12.1.5 Materials .................................................................................. April 2000 .................12.1
12.1.6 Soil Design ............................................................................... April 2000 .................12-1
12.1.6.1 Soil Parameters .................................................................. April 2000 .................12-1
12.1.6.2 Pipe Arch Design ............................................................... April 2000 ...............  12-2
12.1.6.3 Arch Design ........................................................................ April 2000 .................12-2
12.1.7 Abrasive or Corrosive Conditions .......................................... April 2000 .................12-2
12.1.8 Minimum Spacing ................................................................... April 2000 .................12-2
12.1.9 End Treatment ........................................................................ April 2000 .................12-2
12.1.10 Deleted ...................................................................................... April 2000 .................12-2

12.2 SERVICE LOAD DESIGN ........................................................... April 2000 .................12-2

12.3 LOAD FACTOR DESIGN ............................................................ April 2000 .................12-2
12.3.1 Wall Area ................................................................................. April 2000 .................12-3
12.3.2 Buckling .................................................................................... April 2000 .................12-3
12.3.3 Seam Strength ......................................................................... April 2000 .................12-3
12.3.4 Handling and Installation Strength ....................................... April 2000 .................12-3

12.4 CORRUGATED METAL PIPE .................................................... April 2000 .................12-3
12.4.1 General ..................................................................................... April 2000 .................12-3
12.4.1.2 Service Load Design- Safety Factor, SF: .......................... April 2000 .................12-3
12.4.1.3 Load Factor Design - Capacity Modification Factor, φ .. April 2000 .................12-4
12.4.1.4 Flexibility Factor ................................................................ April 2000 .................12-4
12.4.1.5 Minimum Cover ................................................................. April 2000 .................12-4
12.4.2 Seam Strength ......................................................................... April 2000 .................12-4
12.4.3 Section Properties ................................................................... April 2000 .................12-5
12.4.3.1 Steel Conduits .................................................................... April 2000 .................12-5
12.4.3.2 Aluminum Conduits ........................................................... April 2000 .................12-5
12.4.4 Chemical and Mechanical Requirements .............................. April 2000 .................12-6
12.4.5 Smooth Lined Pipe ................................................................. April 2000 .................12-6

12.5 SPIRAL RIB METAL PIPE ........................................................ April 2000 .................12-6
12.5.1 General ..................................................................................... April 2000 .................12-6
12.5.2 Design ...................................................................................... April 2000 .................12-6
12.5.2.1 Load Factor Design ............................................................ April 2000 .................12-6
12.5.2.2 Flexibility Factor ................................................................ April 2000 .................12-6
12.5.2.3 Minimum Cover ................................................................. April 2000 .................12-6
12.5.3 Section Properties ................................................................... April 2000 .................12-6
12.5.3.1 Steel Conduits .................................................................... April 2000 .................12-6



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XXIX

12.5.3.2 Aluminum Conduits ........................................................... April 2000 ................. 12-7
12.5.4 Chemical and Mechanical Requirements .............................. April 2000 ................. 12-7
12.5.4.1 Steel Spiral Rib Pipe and Pipe - ...................................................................................

Arch Requirements - AASHTO M 218 ............................. April 2000 ................. 12-7
12.5.4.2 Aluminum Spiral Rib Pipe and Pipe - ..........................................................................

Arch Requirements - AASHTO M 197 ............................. April 2000 ................. 12-7
12.5.5 Construction Requirements .................................................... April 2000 ................. 12-7

12.6 STRUCTURAL PLATE PIPE STRUCTURES ............................ April 2000 ................. 12-7
12.6.1 General ..................................................................................... April 2000 ................. 12-7
12.6.1.2 Service Load Design - Safety Factor, SF ......................... April 2000 ................. 12-7
12.6.1.3 Load Factor Design Capacity Modification Factor ......... April 2000 ................. 12-7
12.6.1.4 Flexiblility Factor ............................................................... April 2000 ................. 12-8
12.6.1.5 Minimum Cover ................................................................. April 2000 ................. 12-8
12.6.2 Seam Strength ......................................................................... April 2000 ................. 12-8
12.6.3 Section Properties ................................................................... April 2000 ................. 12-9
12.6.3.1 Steel Conduits .................................................................... April 2000 ................. 12-9
12.6.3.2 Aluminum Conduits ........................................................... April 2000 ................. 12-9
12.6.4 Chemical and Mechanical Properties .................................... April 2000 ................. 12-9
12.6.4.1 Steel Structural Plate Pipe, Pipe-Arch, and Arch ........................................................

Material Requirements - AASHTO M167 ........................ April 2000 ................. 12-9
12.6.4.2 Aluminum Structural Plate Pipe, Pipe-Arch, and ........................................................

Arch Material Requirements - ........................................................................................
AASHTO M 219, Alloy 5052 ............................................. April 2000 ................. 12-9

12.6.5 Structural Plate Arches ........................................................... April 2000 ................. 12-9

12.7 LONG SPAN STRUCTURAL PLATE STRUCTURES ............... April 2000 ................. 12-9
12.7.1 General ..................................................................................... April 2000 ................. 12-9
12.7.2 Structure Design ..................................................................... April 2000 ...............12-10
12.7.2.1 General ................................................................................ April 2000 ...............12-10
12.7.2.2 Acceptable Special Features .............................................. April 2000 ...............12-10
12.7.3 Foundation Design ................................................................. April 2000 ...............12-10
12.7.3.1 Settlement Limits ............................................................... April 2000 ...............12-10
12.7.3.2 Footing Reactions (Arch Structures) ................................ April 2000 ...............12-11
12.7.3.3 Footing Design ................................................................... April 2000 ...............12-13
12.7.4 Soil Envelope Design .............................................................. April 2000 ...............12-13
12.7.5 End Treatment ........................................................................ April 2000 ...............12-14
12.7.6 Multiple Structures ................................................................. April 2000 ...............12-14

12.8 STRUCTURAL PLATE BOX CULVERT .................................... April 2000 ...............12-14

Section 13 - Wood Structures
13.1 GENERAL AND NOTATIONS .................................................... April 2000 ................. 13-1
13.1.1 General ..................................................................................... April 2000 ................. 13-1
13.1.2 Net Section .............................................................................. April 2000 ................. 13-1
13.1.3 Impact ...................................................................................... April 2000 ................. 13-1
13.1.4 Notations .................................................................................. April 2000 ................. 13-1

13.2 MATERIALS ................................................................................. April 2000 ................. 13-2
13.2.1 Sawn Lumber .......................................................................... April 2000 ................. 13-2
13.2.1.1 General ................................................................................ April 2000 ................. 13-2



XXX CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

13.2.1.2 Dimensions ......................................................................... April 2000 .................13-2
13.2.2 Glued Laminated Timber ....................................................... April 2000 .................13-3
13.2.2.1 General ................................................................................ April 2000 .................13-3
13.2.2.2 Dimensions ......................................................................... April 2000 .................13-3
13.2.3 Structural Composite Lumber ................................................ April 2000 .................13-3
13.2.3.1 General ................................................................................ April 2000 .................13-3
13.2.3.2 Laminated Veneer Lumber ............................................... April 2000 .................13-3
13.2.3.3 Parallel Strand Lumber ..................................................... April 2000 .................13-3
13.2.3.4 Dimensions ......................................................................... April 2000 .................13-3
13.2.4 Piles .......................................................................................... April 2000 .................13-3

13.3 PRESERVATIVE TREATMENT .................................................. April 2000 .................13-3
13.3.1 Requirement for Treament ..................................................... April 2000 .................13-3
13.3.2 Treatment Chemicals .............................................................. April 2000 .................13-3
13.3.3 Field Testing............................................................................ April 2000 .................13-3
13.3.4 Fire Retardant Treatments .................................................... April 2000 .................13-4

13.4 DEFLECTION .............................................................................. April 2000 .................13-4

13.5 DESIGN VALUES ........................................................................ April 2000 .................13-4
13.5.1 General ..................................................................................... April 2000 .................13-4
13.5.2 Tabulated Values for Sawn Lumber ...................................... April 2000 .................13-4
13.5.2.2 Stress Grades in Flexure ................................................... April 2000 .................13-4
13.5.3 Tabulated Values for Glued Laminated Timber ................... April 2000 .................13-4
13.5.4 Tablulated Values for Structural Composite Lumber ........... April 2000 ...............13-13
13.5.5 Adjustments to Tabulated Design Values .............................. April 2000 ...............13-13
13.5.5.1 Wet Service Factor, CM ....................................................................April 2000 ...............13-13
13.5.5.2 Load Duration Factor, CD ...............................................................April 2000 ...............13-13
13.5.5.3 Adjustment for Preservative Treatment ........................... April 2000 ...............13-21

13.6 BENDING MEMBERS ................................................................. April 2000 ...............13-21
13.6.1 General ..................................................................................... April 2000 ...............13-21
13.6.2 Notching ................................................................................... April 2000 ...............13-21
13.6.3 Modulus of Elasticity .............................................................. April 2000 ...............13-22
13.6.4 Bending .................................................................................... April 2000 ...............13-22
13.6.4.1 Allowable Stress .................................................................. April 2000 ...............13-22
13.6.4.2 Size Factor, C F .....................................................................................April 2000 ...............13-22
13.6.4.3 Volume Factor, CV ..............................................................................April 2000 ...............13-22
13.6.4.4 Beam Stability Factor, C L ...............................................................April 2000 ...............13-23
13.6.4.5 Form Factor, C f ....................................................................................April 2000 ...............13-23
13.6.5 Shear Parallel to Grain ........................................................... April 2000 ...............13-24
13.6.5.1 General ................................................................................ April 2000 ...............13-24
13.6.5.2 Actual Stress ....................................................................... April 2000 ...............13-24
13.6.5.3 Allowable Stress .................................................................. April 2000 ...............13-24
13.6.6 Compression Perpendicular to Grain.................................... April 2000 ...............13-24
13.6.6.1 General ................................................................................ April 2000 ...............13-24
13.6.6.2 Allowable Stress .................................................................. April 2000 ...............13-24
13.6.6.3 Bearing Area Factor, C b ...................................................................April 2000 ...............13-25
13.6.7 Bearing on Inclined Surfaces ................................................. April 2000 ...............13-25

13.7 COMPRESSION MEMBERS ....................................................... April 2000 ...............13-25
13.7.1 General ..................................................................................... April 2000 ...............13-25
13.7.2 Eccentric Loading or Combined Stresses .............................. April 2000 ...............13-25



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XXXI

13.7.3 Compression ............................................................................ April 2000 ...............13-26
13.7.3.1 Net Section ......................................................................... April 2000 ...............13-26
13.7.3.2 Allowable Stress .................................................................. April 2000 ...............13-26
13.7.3.3 Column Stability Factor, C P ...........................................................April 2000 ...............13-26
13.7.3.4 Tapered Columns ............................................................... April 2000 ...............13-27
13.7.3.5 Round Columns .................................................................. April 2000 ...............13-27
13.7.4 Bearing Parallel to Grain ....................................................... April 2000 ...............13-27

13.8 TENSION MEMBERS ................................................................. April 2000 ...............13-28
13.8.1 Tension Parallel to Grain ....................................................... April 2000 ...............13-28

Section 14 - Bearings
14.1 SCOPE .......................................................................................... April 2000 ................. 14-1

14.2 DEFINITIONS ............................................................................. April 2000 ................. 14-1

14.3 NOTATIONS ................................................................................. April 2000 ................. 14-2

14.4 MOVEMENTS AND LOADS ....................................................... April 2000 ................. 14-3
14.4.1 Design Requirements .............................................................. April 2000 ................. 14-3

14.5 GENERAL REQUIREMENTS FOR BEARINGS ....................... April 2000 ................. 14-3
14.5.1 Load and Movement Capabilities .......................................... April 2000 ................. 14-3
14.5.2 Characteristics ......................................................................... April 2000 ................. 14-3
14.5.3 Forces in the Structure Caused by Restraint of ................................................................

Movement at the Bearing ....................................................... April 2000 ................. 14-6
14.5.3.1 Horizontal Force ................................................................. April 2000 ................. 14-6
14.5.3.2 Bending Moment ................................................................ April 2000 ................. 14-6

14.6 SPECIAL DESIGN PROVISIONS FOR BEARINGS ................ April 2000 ................. 14-6
14.6.1 Deleted ...................................................................................... April 2000 ................. 14-6
14.6.2 PTFE Sliding Surfaces ............................................................ April 2000 ................. 14-7
14.6.2.1 PTFE Surface ..................................................................... April 2000 ................. 14-7
14.6.2.2 Mating Surface ................................................................... April 2000 ................. 14-7
14.6.2.3 Minimum Thickness Requirements .................................. April 2000 ................. 14-7
14.6.2.4 Contact Pressure ................................................................ April 2000 ................. 14-7
14.6.2.5 Coefficient of Friction ....................................................... April 2000 ................. 14-7
14.6.2.6 Attachment .......................................................................... April 2000 ................. 14-8
14.6.3 Bearings with Curved Sliding Surfaces ................................ April 2000 ................. 14-9
14.6.3.1 Geometric Requirements ................................................... April 2000 ................. 14-9
14.6.3.2 Resistance to Lateral Load ................................................ April 2000 ................. 14-9
14.6.4 Deleted ...................................................................................... April 2000 ...............14-10
14.6.5 Steel Reinforced Elastomeric Bearings - Method B ............. April 2000 ...............14-10
14.6.5.1 General ................................................................................ April 2000 ...............14-10
14.6.5.2 Material Properties ............................................................ April 2000 ...............14-10
14.6.5.3 Design Requirements ......................................................... April 2000 ...............14-10
14.6.6 Elastomeric Pads and Steel Reinforced .............................................................................

Elastomeric Bearings - Method A .......................................... April 2000 ...............14-13
14.6.6.1 General ................................................................................ April 2000 ...............14-13
14.6.6.2 Material Properties ............................................................ April 2000 ...............14-13
14.6.6.3 Design Requirements ......................................................... April 2000 ...............14-13
14.6.6.4 Resistance to Deformation ................................................ April 2000 ...............14-14
14.6.7 Deleted ...................................................................................... April 2000 ...............14-14



XXXII CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

14.6.8 Deleted ...................................................................................... April 2000 ...............14-14
14.6.9 Guides and Restraints ............................................................ April 2000 ...............14-15
14.6.9.1 General ................................................................................ April 2000 ...............14-15
14.6.9.2 Design Loads ...................................................................... April 2000 ...............14-15
14.6.9.3 Materials ............................................................................. April 2000 ...............14-15
14.6.9.4 Geometric Requirements ................................................... April 2000 ...............14-15
14.6.9.5 Design Basis ....................................................................... April 2000 ...............14-15
14.6.9.6 Attachment of Low-Friction Material ............................... April 2000 ...............14-15
14.6.10 Other Bearing System ............................................................. April 2000 ...............14-15

14.7 LOAD PLATES AND ANCHORAGE FOR BEARINGS ............ April 2000 ...............14-16
14.7.1 Plates for Load Distribution .................................................. April 2000 ...............14-16
14.7.2 Tapered Plates ......................................................................... April 2000 ...............14-16
14.7.3 Anchorage ................................................................................ April 2000 ...............14-16

14.8 CORROSION PROTECTION ....................................................... April 2000 ...............14-16

Section 15 - TFE Bearing Surface
Section 15 has been replaced by Section 14, "Bearings".

Section 16 - Steel Tunnel Liner Plates
16.1 GENERAL AND NOTATIONS .................................................... April 2000 .................16-1
16.1.1 General ..................................................................................... April 2000 .................16-1
16.1.2 Notations .................................................................................. April 2000 .................16-1

16.2 LOADS .......................................................................................... April 2000 .................16-1

16.3 DESIGN ........................................................................................ April 2000 .................16-2
16.3.1 Criteria ..................................................................................... April 2000 .................16-2
16.3.2 Joint Strength .......................................................................... April 2000 .................16-2
16.3.3 Minimum Stiffness for Installation ....................................... April 2000 .................16-3
16.3.4 Critical Buckling of Liner Plate Wall .................................... April 2000 .................16-3
16.3.5 Deflection or Flattening .......................................................... April 2000 .................16-4

16.4 CHEMICAL AND MECHANICAL REQUIREMENTS .............. April 2000 .................16-4
16.4.1 Chemical Composition ............................................................ April 2000 .................16-4
16.4.2 Minimum Mechanical Properties of Flat Plate before .....................................................

Cold Forming ........................................................................... April 2000 .................16-4
16.4.3 Dimensions and Tolerances ................................................... April 2000 .................16-4

16.5 SECTION PROPERTIES ............................................................. April 2000 .................16-4

16.6 COATINGS .................................................................................... April 2000 .................16-4

16.7 BOLTS ........................................................................................... April 2000 .................16-4

16.8 SAFETY FACTORS ...................................................................... April 2000 .................16-5

Section 17 - Soil Reinforced Concrete Structure Interaction Systems
17.1 GENERAL ..................................................................................... April 2000 .................17-1
17.1.1 Scope ........................................................................................ April 2000 .................17-1



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XXXIII

17.1.2 Notations .................................................................................. April 2000 ................. 17-1
17.1.3 Loads ........................................................................................ April 2000 ................. 17-3
17.1.4 Design ...................................................................................... April 2000 ................. 17-3
17.1.5 Deleted ...................................................................................... April 2000 ................. 17-3
17.1.6 Soil ............................................................................................ April 2000 ................. 17-3
17.1.7 Abrasive or Corrosive Conditions .......................................... April 2000 ................. 17-3
17.1.8 End Structures ........................................................................ April 2000 ................. 17-3
17.1.9 Deleted ...................................................................................... April 2000 ................. 17-3

17.2 SERVICE LOAD DESIGN ........................................................... April 2000 ................. 17-3

17.3 LOAD FACTOR DESIGN ............................................................ April 2000 ................. 17-3

17.4 REINFORCED CONCRETE PIPE .............................................. April 2000 ................. 17-3
17.4.1 Application ............................................................................... April 2000 ................. 17-3
17.4.2 Materials .................................................................................. April 2000 ................. 17-3
17.4.2.1 Concrete .............................................................................. April 2000 ................. 17-3
17.4.2.2 Reinforcement .................................................................... April 2000 ................. 17-3
17.4.2.3 Concrete Cover for Reinforcement ................................... April 2000 ................. 17-3
17.4.3 Installations ............................................................................. April 2000 ................. 17-4
17.4.3.1 Standard Installations ........................................................ April 2000 ................. 17-4
17.4.3.2 Deleted ................................................................................. April 2000 ................. 17-4
17.4.4 Design ...................................................................................... April 2000 ................. 17-4
17.4.4.1 General Requirements ....................................................... April 2000 ................. 17-4
17.4.4.2 Loads ................................................................................... April 2000 ................. 17-5
17.4.4.3 Minimum Fill ..................................................................... April 2000 ................. 17-5
17.4.4.4 Design Methods ................................................................. April 2000 ................. 17-5
17.4.5 Indirect Design Method Based on Pipe Strength and .....................................................

Load-Carrying Capacity .......................................................... April 2000 ...............17-10
17.4.5.1 Loads ................................................................................... April 2000 ...............17-10
17.4.5.2 Bedding Factor ................................................................... April 2000 ...............17-11
17.4.6 Direct Design Method for Precast Reinforced ..................................................................

Concrete Circular Pipe ........................................................... April 2000 ...............17-12
17.4.6.1 Application .......................................................................... April 2000 ...............17-12
17.4.6.2 General ................................................................................ April 2000 ...............17-12
17.4.6.3 Strength-Reduction Factors ............................................... April 2000 ...............17-13
17.4.6.4 Process and Material Factors ............................................ April 2000 ...............17-13
17.4.6.5 Orientation Angle ............................................................... April 2000 ...............17-13
17.4.7 Development of Quadrant Mat Reinforcement .................... April 2000 ...............17-19

17.5 REINFORCED CONCRETE ARCH, CAST-IN-PLACE .............. April 2000 ...............17-19
17.5.1 Application ............................................................................... April 2000 ...............17-19
17.5.2 Materials .................................................................................. April 2000 ...............17-19
17.5.2.1 Concrete .............................................................................. April 2000 ...............17-19
17.5.2.2 Reinforcement .................................................................... April 2000 ...............17-19
17.5.3 Design ...................................................................................... April 2000 ...............17-20
17.5.3.1 General Requirements ....................................................... April 2000 ...............17-20
17.5.3.2 Minimum Cover ................................................................. April 2000 ...............17-20
17.5.3.3 Strength-Reduction Factors ............................................... April 2000 ...............17-20
17.5.3.4 Splices of Reinforcement ................................................... April 2000 ...............17-20
17.5.3.5 Footing Design ................................................................... April 2000 ...............17-20

17.6 REINFORCED CONCRETE BOX, CAST-IN-PLACE ................ April 2000 ...............17-20



XXXIV CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

17.6.1 Application ............................................................................... April 2000 ...............17-20
17.6.2 Materials .................................................................................. April 2000 ...............17-20
17.6.2.1 Concrete .............................................................................. April 2000 ...............17-20
17.6.2.2 Reinforcement .................................................................... April 2000 ...............17-20
17.6.3 Concrete Cover for Reinforcement ........................................ April 2000 ...............17-20
17.6.4 Design ...................................................................................... April 2000 ...............17-20
17.6.4.1 General Requirements ....................................................... April 2000 ...............17-20
17.6.4.2 Deleted ................................................................................. April 2000 ...............17-20
17.6.4.3 Distribution of Concentrated Load Effects to 20 .........................................................

Bottom Slab ......................................................................... April 2000 ...............17-20
17.6.4.4 Distribution of Concentrated Loads in Skewed

Culverts ............................................................................... April 2000 ...............17-20
17.6.4.5 Span Length ....................................................................... April 2000 ...............17-21
17.6.4.6 Strength Reduction Factors .............................................. April 2000 ...............17-21
17.6.4.7 Crack Control ...................................................................... April 2000 ...............17-21
17.6.4.8 Minimum Reinforcement................................................... April 2000 ...............17-21

17.7 REINFORCED CONCRETE BOX, PRECAST ............................ April 2000 ...............17-21
17.7.1 Application ............................................................................... April 2000 ...............17-21
17.7.2 Materials .................................................................................. April 2000 ...............17-21
17.7.2.1 Concrete .............................................................................. April 2000 ...............17-21
17.7.2.2 Reinforcement .................................................................... April 2000 ...............17-21
17.7.3 Concrete Cover for Reinforcement ........................................ April 2000 ...............17-21
17.7.4 Design ...................................................................................... April 2000 ...............17-22
17.7.4.1 General Requirements ....................................................... April 2000 ...............17-22
17.7.4.2 Deleted ................................................................................. April 2000 ...............17-22
17.7.4.3 Distribution of Concentrated Load Effects in ..............................................................

Sides and Bottoms ............................................................. April 2000 ...............17-22
17.7.4.4 Distribution of Concentrated Loads in Skewed

Culverts ............................................................................... April 2000 ...............17-22
17.7.4.5 Span Length ....................................................................... April 2000 ...............17-22
17.7.4.6 Strength Reduction Factors .............................................. April 2000 ...............17-22
17.7.4.7 Crack Control ...................................................................... April 2000 ...............17-22
17.7.4.8 Minimum Reinforcement................................................... April 2000 ...............17-22
17.7.4.9 Shear Transfer in Transverse Joints Between .............................................................

Culvert Sections .................................................................. April 2000 ...............17-22

17.8 PRECAST REINFORCED CONCRETE THREE-SIDED ........................................................
STRUCTURES .............................................................................. April 2000 ...............17-23

17.8.1 Application ............................................................................... April 2000 ...............17-23
17.8.2 Materials .................................................................................. April 2000 ...............17-23
17.8.2.1 Concrete .............................................................................. April 2000 ...............17-23
17.8.2.2 Reinforcement .................................................................... April 2000 ...............17-23
17.8.3 Concrete Cover for Reinforcement ........................................ April 2000 ...............17-23
17.8.4 Geometric Properties .............................................................. April 2000 ...............17-23
17.8.5 Design ...................................................................................... April 2000 ...............17-23
17.8.5.1 General Requirements ....................................................... April 2000 ...............17-23
17.8.5.2 Distribution of Concentrated Load Effects in Side ........ April 2000 ...............17-23
17.8.5.3 Distribution of Concentrated Loads in .........................................................................

Skewed Culverts ................................................................. April 2000 ...............17-23
17.8.5.4 Shear Transfer in Transverse Joints Between .............................................................

Culvert Section ................................................................... April 2000 ...............17-23



BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

CONTENTS XXXV

17.8.5.5 Span Length ....................................................................... April 2000 ...............17-24
17.8.5.6 Strength Reduction Factor ................................................ April 2000 ...............17-24
17.8.5.7 Crack Control ...................................................................... April 2000 ...............17-24
17.8.5.8 Minimum Reinforcement .................................................. April 2000 ...............17-24
17.8.5.9 Deflection Control .............................................................. April 2000 ...............17-24
17.8.5.10 Footing Design ................................................................... April 2000 ...............17-24
17.8.5.11 Structure Backfill ................................................................ April 2000 ...............17-24
17.8.5.12 Scour Protection ................................................................. April 2000 ...............17-24

Section 18 - Soil-Thermoplastic Pipe Interaction Systems
18.1 GENERAL ..................................................................................... April 2000 ................. 18-1
18.1.1 Scope ........................................................................................ April 2000 ................. 18-1
18.1.2 Notations .................................................................................. April 2000 ................. 18-1
18.1.3 Loads ........................................................................................ April 2000 ................. 18-1
18.1.4 Design ...................................................................................... April 2000 ................. 18-1
18.1.5 Materials .................................................................................. April 2000 ................. 18-1
18.1.6 Soil Design ............................................................................... April 2000 ................. 18-1
18.1.6.1 Soil Parameters .................................................................. April 2000 ................. 18-1
18.1.7 Abrasive or Corrosive Conditions .......................................... April 2000 ................. 18-2
18.1.8 Minimum Spacing ................................................................... April 2000 ................. 18-2
18.1.9 End Treatment ........................................................................ April 2000 ................. 18-2
18.1.10 Deleted ...................................................................................... April 2000 ................. 18-2

18.2 SERVICE LOAD DESIGN ........................................................... April 2000 ................. 18-2

18.3 LOAD FACTOR DESIGN ............................................................ April 2000 ................. 18-2
18.3.1 Wall Area ................................................................................. April 2000 ................. 18-2
18.3.2 Buckling .................................................................................... April 2000 ................. 18-2
18.3.3 Handling and Installation Strength ....................................... April 2000 ................. 18-3

18.4 PLASTIC PIPE ............................................................................ April 2000 ................. 18-3
18.4.1 General ..................................................................................... April 2000 ................. 18-3
18.4.1.2 Deleted ................................................................................. April 2000 ................. 18-3
18.4.1.3 Load Factor Design - Capacity Modification Factor, φ: . April 2000 ................. 18-3
18.4.1.4 Flexibility Factor ................................................................ April 2000 ................. 18-3
18.4.1.5 Minimum Cover ................................................................. April 2000 ................. 18-3
18.4.1.6 Maximum Strain ................................................................ April 2000 ................. 18-3
18.4.1.7 Local Buckling .................................................................... April 2000 ................. 18-3
18.4.2 Section Properties ................................................................... April 2000 ................. 18-3
18.4.2.1 PE Corrugated Pipes (AASHTO M 294) ......................... April 2000 ................. 18-4
18.4.2.2 PE Ribbed Pipes (ASTM F 894) ...................................... April 2000 ................. 18-4
18.4.2.3 Profile Wall (Ribbed) PVC Pipes (AASHTO M 304) ...... April 2000 ................. 18-4
18.4.3 Chemical and Mechanical Requirements .............................. April 2000 ................. 18-4
18.4.3.1 Polyethylene ....................................................................... April 2000 ................. 18-4
18.4.3.2 Poly (Vinyl Chloride) (PVC) .............................................. April 2000 ................. 18-5

Appendix A
Deleted February 2004  (Live Load Tables)



XXXVI CONTENTS

BRIDGE DESIGN SPECIFICATIONS • SEPTEMBER 2004

Appendix B
Truck Train Loadings ................................................................................. April 2000 ...................B-1

Appendix C
Columns ....................................................................................................... April 2000 ...................C-1

Appendix D
Computation of Plastic Section Modulus Z* ............................................. April 2000 .................. D-1


